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Interview with Col. Gen. Avn. Titov on Energiya 
Booster 


18660001 Moscow KRASNAYA ZVEZDA in Russian 
17 Aug 88 pp 1-2 


[Article by Col. M. Rebrov, who interviewed Col, Gen. 
of Aviation G. T. Titov: “The Energiya Rocket—A 
Formula for Space Acceleration”; the first two para- 
graphs appeared in boldface italic in source] 


Nie ped og Aghpgpr ed peony arly orn 
fixture of SS ee eee 


We asked Col. Gen. of Aviation German Stepanovich 
Titov, USSR pilot-cosmonaut and Hero of the Soviet 
Union, to respond to these and other questions. 


[Question]: The term “industrial development of space” 
is being used with increasing currency. What does this 
mean” 


armen First of all, carrying out comprehensive basic 

scientific research in outer space, further improvement 
and extensive use of saicilite information systems in 
behalf of science and the .conomy, the development of 
space technology, materials science and machine build- 
ing, and the creation of large manned and unmanned 
orbital complexes. In the more distant future, there may 
be space-based power stations utilizing solar or nuclear 
energy in orbit around the earth, and ecologically harm- 
ful industries which pollute the environment may be 
moved outside the atmosphere. Perhaps, as time passes, 
industrial exploitation of the raw materials of the moon 
may begin, and expeditions might be sent to the planets 
of the solar system. 


Large antennas, telescopes, and satellite platform-bases 
in geostationary orbit will appear in outer space. The 
orbiting stations will function not only as scientific 
laboratories, industries, and extraterrestrial spaceports, 
but also as unique operations centers for servicing of 
various kinds of satellites and interorbital cargo shuttles 
and for assembly of large and complicated structures. 


[Question]: The space missions of the present, and also 
those of the future, have much in common, which is only 
natural. But surely there are problems affecting the 
overall level of development of the space program and 
determining the path of its development? 


[Answer]: Yes, there are. The development of the space 
program and its technical level are largely dependent on 
the space transport resources. Industrial development of 
outer space demands a substantial expansion and 
increase in volume of transport operations. And this 
process is only natural. The placement of space cargoes 
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from the surface of earth into near-carth orbit, the 
delivery of crews and materials from space to earth, the 
interorbital transport of space facilities, and the launch- 
ing of spaceborne laboratories on flight trajectories to the 
planets of the solar sy*tem—a'l this is done by means of 
transport systems and is largely dependent on their 
specifications. This applies to both present and future 
designs. It is one of the most complicated problems being 
tackled by scientists, engineers, and designers. Figura- 
tively speaking, this is the formula for space acceleration. 


[Question]: The space program is still too young for a 
strict evaluation of its accomplishments. In the three 
decades of the virtual onslaught on space, we have come 
an incredible distance, but at the same time the experts 
admit that the present rocket boosters are still far from 
perfection, and the cost of placing a payload in space 
continues to be quite high. 


[Answer]: Quite right. But if you examine the history of 
the development of booster rockets, you will notice that 
the space vehicles and their performance have been 
improved over all these years. What | mean is, new 
designs, the specific impulse of the rocket engines, the 
ratio of the weight of “dry” rocket stages to their weight 
when fueled, and better reliability. This pertains to the 
Soviet Soyuz and Proton rockets, the American Atlas- 
Centaur, the latest versions of the West European 
Ariane, the Space Shuttle Program, and, finally, the 
powerful, superheavy booster rocket Energiya, created 
by a team of scientists and experts under the direction of 
wd designer and doctor of technical sciences B. 1. 
ubanov. 


[Question]: We receive an especially large number of 
letters on the subject of Energiya. It is compared with the 
Shuttle, while at the same time it is represented as some- 
thing entirely different among space transport veliicies. 


[Answer]: Comparison here is hardly apt. The American 
reusable system—partially reusable—can place a pay- 
load of 30 tons into space and return with a payload of 
15 tons. | say “partially,” because technical difficulties 
have prevented American designers from developing a 
fully reusable system. The orbital stage is launched by 
means of two solid-propellant boosters, which later 
descend by parachute, and by the liquid propulsion 
system of the orbital stage itself with the fuel compart- 
ment that is jettisoned into the ocean after the sustainer 
liquid-rocket engines complete their burn. The latter 
engines return to carth as part of the Shuttle. 


In terms of cost of payload delivery to orbit, the Shuttle 
remains on a par with the current booster rockets and is 
worse in this respect than the expendable booster rockets 
that are in the offing. 


Energiya is a universal system with no counterpart 
anywhere in the world. I repeat, it is a universal booster 
rocket, designed to launch both reusable orbital vehicles 
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and large spacecraft used for scientific and economic 
purposes. It is able to place a payload weighing more 
than 100 tons into near-carth orbit. The launch weight of 
the entire system can reach 2,400 tons. 


Let me repeat once again: Energiya is a rocket, not an 
orbital aircraft equipped with boosters. 


{Question}: The Shuttle has nothing against publicity, 
although it carefully hushes up its weak points. Energiya 
only fairly recently began the flight testing phase. Please 
give us more details. 


[Answer]: In the first place, it is a two-stage design with 
a the stages divided lengthwise and the payload posi- 
tioned on the side. In other words, it is a “packet” of the 
four first-stage units around the central second-stage 


unit, with an asymmetrically arranged payload. 


first-stage units and the payload—is 

the new booster. The length of this stage is around 60 
meters, the diameter is around 8. It has four single- 
chamber liquid rocket engines that operate on an oxy- 
gen-hydrogen mixture of fuel. The thrust of each of these 
is 148 tons at the earth's surface and 200 tons in vacuum. 


As already mentioned, the first stage of the rocket 
comprises four strap-on units—unique rockets that burn 
an Ox fuel. The thrust of each strap-on unit 
is 740 tons at the surface and more than 800 tons in 
vacuum. These are the most powerful of all present-day 
liquid rocket engines. 


As for the combined thrust, this is around 3,600 tons at 
the start of the flight. This is achieved by activating the 
engines of the first and second stages simultancously. 


{Question}: What happens after the launch? What is the 
operating sequence of the parts of the “packet,” and 
what is their subsequent fate? 


[Answer]: After the fuel of the strap-on units of the first 
Stage is used up, they are separated, and the second stage 
of the booster rocket continues to function and places the 
spacecraft into a so-called reference orbit. After this, the 
engines of the booster unit (or of the spacecraft itself) are 
fired and the desired orbit is ultimately achieved. 


The units of the first stage separate in pairs, after which 
they move apart and touch down in the desired area. 
They may be outfitted with return equipment and may 
be reused after appropriate servicing or repair. 


The central unit (second stage) splashes down in the ocean. 


[Question]: If | understand you correctly, the difference 
between Energiya and the booster rocket for the Shuttle 
is that, with the Shuttle, the engines of the second stage 
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are on the craft itself, and therefore this stage operates 
only when the Shuttle, which is the payload, is attached. 
With Energiya, the second stage is not connected to the 


payload. 


[Answer]: That is what makes Energiya universal. It can be 
used to place both returnable and nonreturnable cargoes in 
orbit. And the booster unit can be used for the most 
diverse of operations. For example, placing satellites into 
oe ape Mites fence Mpeg od Apne gee ps 
sending unmanned to the far reaches of the 
universe. There is a multitude of possibilities. 


Energiya can be used to put put together not merely a 
universal orbital insertion system, but also a more eco- 
nomical one. Let me give some examples of the weight 
ratios. 


Venus or Mars, or to place vehicles of 32 tons into lunar 


trajectory. 


engines with high specific impulse (the ratio of thrust to 
fuel consumption per second) and long overail operating 
life, which means that they are reliable in operation. 


[Question]: You said “reliable.” This is surely one of the 
most vital criteria? 


[Answer]: Not only vital, but also difficult to achieve. 
Space technology is a special kind of technology. It is 
characterized not only by a complexity and multitude of 
units, systems, assemblies, and interrelationships, but also 
by special conditions of operation. Not only in outer s, ace, 
but also at the launch pad. High specific load factors, 
vibrations, and substantial temperature differenccs. 


Imagine what kind of structural materials are needed for 
the tanks, lines, hydroautomatic devices, sensors, etc., 
operating at cryogenic temperatures. The liquid oxygen 
that is used as the oxidizer, is cooled to a temperature of 
~186 degrees, while the liquid hydrogen (propellant) is 
cooled to -255 degrees Celsius. And the small, light- 
weight turbopump unit that produces 250,000 horse- 
power! All of these represent highly difficult scientific 
and technical problems. 


Only ultraprecise automatic equipment can monitor the 
enormous quantity of changing parameters and make 
prompt, accurate decisir 1s. 
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Such devices and systems have been created. There is an 
independent computer complex on board which executes 
a predetermined program. The vitally important systems 
and assemblies are backed up. Special emergency protec- 
tion equipment investigates the status of various units, 
switching them off when necessary, and there are effi- 
cient systems for prevention of fire or explosion. The 
experts have analyzed more than 500 possible emergency 
situations and have found ways to counter them. 


Extensive use of onboard computers has made it possible 
to develop active control systems. The use of such 
systems makes it possible to improve flight qualities and 
controllability and to enlarge the range of flight config- 
urations. 


[Question]: You are talking about the booster rocket. A 
structure so huge and complex requires similarly huge 
and complex ground facilities. 


[Answer]: Of course. And this is another labor-intensive 
problem. For each, shall we say, element of the launch 
facility must be suited to all the features of Energiya—its 
power, its design, its operating characteristics, its fuel 
capacity. As a matter of fact, 90 percent of the immense 
launch weight of the rocket is fuel. It is easy to imagine 
what vast reserves of liquid oxygen, liquid hydrogen, and 
kerosene must be kept “on hand” in order to fill the 
booster within a certain interval of time and accomplish 
this in strict compliance with the safety requirements. 


But this is a later phase. First of all, the rocket is 
assembled into the “packet” in the testing and assembly 
building. It is then transported to the launch pad, where 
it is put in position with a special erector. Power, 
pneumohydraulic, and electrical connections must be 
hooked up to the starter assembly. For these purposes, 
there is a special mating-launch transition unit, which 
remains on the launch structure after takeoff and can be 
reused. 


There are many innovations: a gas-and-flame deflecting 
chute more than 40 meters deep, a multistory service 
tower of special design witli work platforms for access to 
ee ee ee 
drainage mast, lightning-rods 225 meters tall, and con- 
trol rooms. All of this is quite different from the way it 
used to be at Baykonur. 


The high degree of automation is the most signal feature 
of the new launch facility and all its constituent parts, 
bristling with a large array of essential technical, techno- 
logical, and measurement systems. 

strip are the product of the work of many design, 
research, production and construction groups. 


[Question]: Please describe as briefly as possible the first 
=~ ca neetaent airy area 
b 
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[Answer]: Some believe that the new rocket is being 
tested to find out whether or not it can fly. This is a 
major error. Nowadays, if a new booster is built, you can 
be sure it will fly. Instead, the task is to check out the 
entire complex in different modes and to study the 


capabilities of all systems. 


during captive testing. This was in fact accomplished. 
The State Commission gave a favorable evaluation of the 
results. The design systems were acknowledged to be 
correct; the viability of Energiya was confiimed; and the 
high precision of operation of all onboard systems, the 
suitability of the ground facilities, and the correct and, if 
you will, logical sequence of ground operation phases 
were demonstrated. 


The final segment of testing, during which it was neces- 
sary to run the command for separation of the payload, 


¢ 
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separation and aeaine the 


the haste with which that program was carned out under 
pressure from the Pentagon, which had assigned it the 


[Answer]: This is an interesting and promising area. By 
the way, the concept itself goes back to F. A. Tsander, in 
the 1920s. One should not think that the path chosen by 
ete emegegiens at «pay bactenratige: henge oe The 
British have a project for an acrospace plane, the Hotol. 
Nor has Energiya yet unfolded all its capabilities. 
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[Question]: Isn't our strategy for the development of 
space being altered to some extent in connection with 
development and placement in operation of new space 
equipment? 


[Answer]: For the most part, no. We shall continue to do 
our utmost to see that now and in the future, space 
remains peaceful, international, and that it serves only 
the interests of the of mankind. As for the 
expanded work front and the advent of new trends 
scientific and technical, this is a natural process. The 
new scientific and technical achievements will be used to 
improve the orbital module complexes of the Mir-K vant 
type and to create larger, permanently operating stations, 
other large structures, and, of course, space transport 
vehicles of greater sophistication. 


The Soviet program continues to rely on utilization of 
the achievements of the space program in behalf of our 
country and all humanity. However, the future course of 


our space program will depend largely on the actions of 
the Americans. 


[Interviewer]: Thank you for this chat. You have 
answered all the questions found in the letters of our 
readers. We wish you enormous success in your work. 


[Answer]: Thanks. 


Institute 
18660028 Moscow PRAVDA in Russian 24 Sep 88 p 3 


Suuttle Simulator at Central 
Aeroh 


[Article by A. Tarasov, correspondent] 


[Abstract] The lengthy article reports on research, train- 
ing and testing work which personnel of the Central 
Acrohydrodynamics Institute imeni Zhukovskiy 
(TsAGI) are conducting in line with a program for 
development of a reusable-spacecraft system. 


An account is given of a simulated flight of an air-and- 
space ship (VKK) that took place inside a unit which the 
institute is using in level-flight tests. This simulator, 
which is said to be unique, is a piloting test stand which 

was specially developed for the VKK program. The 
author of Ors extidie Gand Geen aund> etek with 
Andrey Byushgens, head of a sector of TsAGI. The 
instruments on the cockpit’s control pane! are said to 
include a command-and-pilotage display device. Infor- 
mation displayed here enables the crew to monitor the 
route of the air-and-space ship after it reenters the 
atmosphere. The positicn of the ship's control surfaces 
during descent is monitored with the aid of a special 
scale. The cockpit is mounted on long hydraulic legs. with 
an interlocking system, which makes it possible to sim- 
ulate turns, zooming, air pockets and turbulence. A 
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computerized optical collimation system is used to sim- 
ulate runways and all kinds of fogs and clouds. Engi- 
neers, pilots, testers and whole crews of reusable space- 
ships reportedly have taken part in tests and training 
exercises employing this unit. 


Development of air-and-space ships which will be capa- 
ble of landing entirely in the automatic mode, regardless 
of weather conditions, is mentioned as one of the goals of 
the Soviet program. It will also be possible to land these 
craft manually, or in a combined mode in which the pilot 
can intervene immediately if any malfunction of auto- 
mation equipment occurs. Doctor of Technical Sciences 
Vasiliy Aleksandrovich Yaroshevskiy, an associate of 
TsAGI, is credited with development of an analytical 
method of calculating trajectories for entries of space- 
craft into the atmosphere. Automated equipment for 
controlling landings of air-and-space ships is being 
developed which will be capable of taking millions of 
possible combinations of flight parameters into account, 
it is claimed. 


A model of a reusable spaceship with an ordinary air- 
plane engine reportedly has been developed for level- 
fligh« tests. Aerodynamic testing is also being conducted, 
using miniature models of air-and-space ships. Mathe- 
matical modeling of the flight of such ships is done with 
the aid of a wind tunnel with a specially designed nozzle 
which was developed for these tests. Models coated with 
a thermodynamic paint are placed in this unit, a flow of 
very hot air is accelerated to Mach number 20 inside the 
tunnel, and the most scorching streams of air are deter- 
mined by means of the paint. Heat and strength tests of 
full-size sections of airplane fuselages and wings are 
conducted in large chambers. These sections are faced 
with tiles made of a lightweight composite material. 


A photograph is given showing the interior of the pilot- 
ing test stand’s cockpit. 


FTD/SNAP 


Shuttle Launch Scheduled for 29 October 
18660029 Kiev PRAVDA UKRAINY in Russian 
28 Oct 88 p I 


[TASS Report] 


[Excerpt] Baykonur Cosmodrome, 26 October. A little 
more than two days remain until the launch of a multi- 
purpose space rocket system, “Energiya”—“Buran”™. 
Following reports by specialists who summarized results 
of several thousand checking operations, the state com- 
mission today adopted a decision calling for the first test 
launch of this system. Preparations for fucling the 
launch-rocket and an orbiting spaceship will begin 
tomorrow, late at night. 

The “Energiya™ will be filled with almost 2,000 tons of 


liquid oxygen, hydrogen and hydrocarbon fuel in all. 
This figure alone indicates the capabilities of this new 
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heavy-class rocket whose first test took place on 15 May 
1987. It left on its first flight with a mock-up of a 
satellite, but now the “Energiya” has to place the first 
Soviet reusable spacecraft, the “Buran”, into the realm 
of zero gravity. 


This space rocket system, whose tests open a fundamen- 
tally new stage in the advancement of Soviet cosmonau- 
tics, was transported in a horizontal position from an 
installation-and-preparation building, with the aid of 
four diesel locomotives. The whole system, which weighs 
several hundred tons, was then set up with jewel-like 
precision on the launching installation. The dimensions 
of the system are impressive. In outline, it resembles a 
five<iomed cathedral 60 meters tall. At the broadest 
point, the main engine unit and four booster engines of 
the “Energiya”™ are about 20 meters in cross section. The 
orbiting spaceship, which resembles a huge white bird 
with black tail feathers, is fastened to the side of the 
rocket. This time, the ship will be sent on its space 
journey without a crew and make an unmanned flight. 


FTD/SNAP 


Shuttle Launch at Baykonur 
18660030 Moscow KRASNAYA ZVEZDA in Russian 
28 Oct 88 p 3 


[Article by M. Rebrov, Colonel] 


[Abstract] The article reports on preparations for launch- 
ing an “ iya” rocket carrying a reusable orbiting 
spaceship, the “Buran”. This spaceship is said to have a 
launching mass of about 100 tons. The launch was 
scheduled for 0623 hours Moscow time, on 29 October. 


It is recalled that unique operations were organized for 
the purpose of transporting large units of the “Energiya” 
and “Buran” by air to the Baykonur Cosmodrome for 
assembling. The 201M, a special airplane designed by V. 
Myasishchev and personnel of manufacturer-plants, was 
used in these operations. Units weighing 50 tons were 
transported on some of these flights. The diameter of 
these items was 2.5 times the diameter of the airplane's 
fuselage. At the cosmodrome, the rocket and spaceship 
were assembled, joined together, and transported to the 
launching area with the aid of four 1,000-horsepower 
diesel locomotives. 


The author reports that a new launch complex has 
replaced the test-and-cxperimental unit used in last 
year’s “Energiya™ trials. This complex is described as 
follows: “The central installation of the launching site is 
a sunken reinforced-concrete structure with five stories 
below ground level. Inside it is a cylindrical gas vent 20 
meters in diameter. At a depth of 23 meters are three 

gas-cscape channels with a 120-degree angle of slope. 
Routenine the cecbihedte chetts on Ge Gre tomer 
stories, and a support-and-gripping device for securing 
the rocket is located a little above them. 
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“In the sunken structure are ventilating and tempera- 
ture-control systems, a refrigerating center, compressors 
and air blowers. The temperature conditions of control- 
instrument containers and compa: .ments of the launch- 
rocket are regulated from here. 


“The launch compiex includes two servicing towers, 
each of which is 64 meters tall; a revolving tower 100 
meters tall; diverters 225 meters tall; a fuel-tank venting 
mast; a special system for emergency evacuation of the 
crew and maintenance personnel; a system for gas mon- 
itoring of the atmosphere, with automatic signaling; and 
a linking unit which is part of the launch-rocket's struc- 
ture but remains in the launching installation after the 
rocket lifts off. 


“A system called ‘Earth—Shipboard’ includes many 
supply lines. Fuel lines laid on scaffolds, more than 
1,000 electric-cable ‘tubes’, and all systems are auto- 
mated and controlled by modern computer technology.” 


A representative of the state commission told about 
operations which a command-and-measurement com- 
plex would perform during the upcoming launch. Four 
tracking vessels on the Atlantic and Pacific oceans and 
four satellite communications systems were scheduled to 
take part in gathering and transmitting information on 
the flight of the spacecraft. 


A photograph is given showing the “Energiya” and 
“Buran” in the launch complex during pre-launch oper- 
ations at the cosmodrome. 


FTD/SNAP 
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1866003! Moscow IZVESTIYA in Russian 26 Oct 88 
ps 


[Article by Boris Konovalov, special correspondent] 


[Abstract] The article recounts a visit to two buildings of 
the Baykonur Cosmodrome in which the reusabic space- 
ship “Buran” and its “Energiya” launch-rocket were 
assembled and tested. The visit took place while prepa- 
rations for the first launch of the “Buran” were in 
progress. Plans called for the spaceship to make two 
orbits around the Earth during its initial, unmanned 
flight. The main purpose of this experiment was to test 
the spaceship’s performance during the most difficult 
parts of a flighti—the launch and landing. 


The cosmodrome’s installation-and-testing building for 
“Energiya™ rockets is said to be 240 meters square. Roof 
spans of this building rise to a height of 60 meters. The 
building in which the “Buran” was assembled and cov- 
ered with heat-resistant materials is 37 meters tall and 
covers an area of 72,000 square meters. The spaceship's 
heat-shielding materials are briefly described on the 
basis of full-size engineering mock-ups of the ship which 
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were shown to journalists. The underside of the “Buran” 
is covered with thousands of black ceramic tiles that are 
heat-resistant. They are small in size, so that the ceramic 
covering will not break from the effect of thermal expan- 
sion of the ship's metal body as the “Buran” descends 
into the atmosphere, it is expiained. The doors of the 
ship's cargo bay are also covered with tiles. The tiles are 
produced by a Soviet process which is said to be different 
from the process used in the United States. 
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*Buran’ Shuttle Automated Launch Complex 
18660032 Moscow SOVETSKAYA ROSSIYA 
in Russian 29 Oct 88 p 2 


[Article by V. Ovcharov, special TASS correspondent] 


[Excerpt] Final pre-launch preparations have begun at 
the launch complex of the multipurpose space rocket 
transport system “Energiya”—‘“Buran”. 


“One of the main characteristics of the preparation 
schedule is the large number of simultaneous processes 
and the need for strict synchronization,” Doctor of 
Technical Sciences V. Karashtin told us. “This requires 
synchronous operation of not only the launch complex's 
systems but also of the other ground-based complexes at 
the cosmodrome. First, this means supplying the launch 
with reliable, high-quality electricity from two indepen- 
dent sources, which duplicate each other. This task is 
difficult because of the extraordinarily high power con- 
sumption of the “Energiya’ launch systems, which 
equals that of a rather large city. The high degree of 
automation of all pre-launch preparation and launch 
processes is based on the most modern mathematical 
methods for formalizing technological processes and on 
information technology that employs elements of artifi- 
cial intelligence.” 


The scientist reported that the automatic control system 
at the launch complex is based on the so-called hierar- 
chical principle. It has three levels, and the total volume 
of commands issued and signals received exceeds 
100,000. 


It is interesting that more than 4,000 actuators must be 
simultaneously controlled while all ten tanks of the 
“Energiya” are being fueled. In addition, the average 
temperature of the supercooled liquid hydrogen must be 
maintained with great accuracy and the level of a com- 
ponent in a tank prevented from deviating by more than 
10 millimeters. It is known that at such low tempera- 
tures, there is a “cryogenic increase in metal strength”. 
Taking advantage of this effect, designers were able to 
reduce the weight of the “Energiya”. 


Our hospitable hosts at the cosmodrome invited us 
journalists to the assembly and testing buildings of the 
“Energiya” and “Buran”. Under the roofs of the huge 
space hangar-plants, work on the next vehicles is now 
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under way. Even in the spacious buildings, their size is 
astonishing. We also had an opportunity to examine the 
orbiting spaceship, which everyone here affectionately 
calls the “little bird”. It is about 30 meters long and 16 
meters high. The area of the swept wing is 250 square 
meters, and the fuse'age is 5.6 meters in diameter. The 
38,000 light-weight, heat-absorbing ceramic tiles give the 
craft a somewhat fantastic appearance. These “scales” 
can withstand even temperatures up to 2,000 degrees. 


For this craft, the test in space still lies ahead. But the 
first “Buran” is already prepared for flight. 
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Shuttle Wind-Tunnel Tests at Central 
Aeroh ics Institute 


18660033 Moscow PRAVDA in Russian 2 Oct 88 p 1 


[Article by A. Tarasov and V. Voronin, correspondents} 


[Excerpt] Let us tell about an episode in the development 
of the orbiting spaceship “Buran”. 


A model of this reusable space shuttle was built accord- 
ing to all the rules of aircraft construction. 


An ultrastrong composite material which was used had 
to be particularly stable and refractive where heat flows 
peak. For these peak zones to be ascertained and protec- 
tive measures specified in the design of the actual 
spaceship, not tens or hundreds but thousands of test 
runs had to be conducted in a superhigh-speed wind 
tunnel. 


The iridescence of a temperature-indicating paint which 
changes color in zones of intense heating is a truly 
bewitching spectacle. This paint has made it possible to 
dispense with measuring instruments and employ only 
motion-picture photography. Doctor of Technical Sci- 
ences Georgiy Maykapar, a leading specialist of the 
Central Aerohydrodynamics Institute imeni Zhukovs- 
kiy, thinks that the scientists would not have obtained so 
much information by any other means. Inside a shock 
tube, the temperature-indicating paint acts in a hun- 
dredth of a second. It would have taken more than a 
hundred transducers to obtain information of equal 
value. 


(A photograph is given showing senior project engineer I. 
Kondratyev and A. Ivanov, a mechanic for aerohydrody- 
namic tests, setting up a model of the “Buran” in a wind 
tunnel.) 
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18 34 me VECHERN YAYA MOSKVA 
in Russian 27 Oct 88 p 3 


[Article by D. Gay] 


{Excerpt} At the very end of the 1970s, the firm of 
Vladimir Mikhaylovich Myasishchev, an outstanding 
Soviet aircraft designer, received the assignment of 
designing and building an airplane on which large and 
heavy structures of the future “Energiya” rocket and 
“Buran” spaceship could be transported from manufac- 
turer-plants to Baykonur. 


Myasishchev decided to put into practice a bold idea: 
transporting fuel tanks and compartments of the launch- 
rocket’s main engine section and the future “Buran” 
itself on the ‘back’ of an airplane. The 201M, a strategic 
bomber designed by Myasishchev's firm, was selected 
for this task. 


Not without reason was this aircraft chosen. Only an 
airplane with superb performance characteristics would 
be capable of delivering a gigantic load 8 meters in 
diameter and with a mass of more than 40 tons by air. 
The firm's development fitted this description. 


T%< 201M had a tandem landing gear with the struts 
spaced far apart, under the wings. Cross winds could not 
affect this airplane. It was extremely stable during take- 
off and landing. 


Myasishchev died shortly after. Doctor of Technical 
Sciences Valentin Aleksandrovich Fedotov § was 
appointed senior designer for this project and became a 
chief designer a year later. 


“We lengthened the airplane's fuselage by 7 meters,” 
recalled V. A. Fedotov. “Instead of an ordinary single 
tail-fin unit, a twin tail unit was developed to provide 
greater stability, but mainly for the purpose of eliminat- 
ing so-called buffeting—a powerful vortex flow which 
comes from the load the airplane is carrying. The framcs 
and wing were reinforced, and new panels were installed 
on the fuselage. The overall result was a new airplane. 


“This ‘two-story’ airplane took off with a load for the 
first time on 6 January 1982. 


“ “Energiya’ structures transported by air were covered 
with streamlined casings in an attempt to improve the 
acrodynamic shape of these loads, at least to some 
extent. These casings were returned to the manufacturer- 
plants on the return trips. Then they went back again to 
the cosmodrome, etc.” 
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Among the other main participants in this painstaking 
work were Aleksandr Arkadyevich Bruk, one of the 
firm's leading associates, and V. A. Lyubakov, S. A. 
Pankov, B. I. Zorin, A. M. Kotelnikov, V. A. Shirinyants, 
N. G. Tvorogov and V. A. Korchagin. 


(A photograph is given showing an airplane on the 
ground. A streamlined casing is mounted on top of the 
airplane.) 
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18660035 Moscow SOTSIALISTICHESKAYA 
INDUSTRIYA in Russian 28 Oct 88 p 4 


[Article by German Lomanov, special correspondent at 
Baykonur Cosmodrome] 


[Excerpt] Now that preparations for launching the mul- 
tipurpose spaceship “Buran” are in progress, the ques- 
tion of whether we are lagging in space cannot be 
avoided. I discussed this question with various special- 
ists, but received perhaps the tersest and most exhaustive 
reply from the chairman of the state commission: 


“As far as the advancement of cosmonautics as a whole 
is concerned, we are not lagging behind the U.S. at all.” 


“The Americans have invested about 10 billion dollars 
in their ‘Space Shuttle’ program. How much has it cost us 
to develop the ‘Energiya’ and the ‘Buran’?” 


“The two programs are commensurate cost-wise; ours 
and theirs have cost approximately the same amount.” 


I should like at once to caution readers who have seen 
the “Buran” on television that its outward similarity to 
the “Space Shuttle” need not be considered significant. 
The American system differs fundamentally from the 
“Energiya”—“Buran™ team; the latter is more versatile, 
and it can accomplish a substantially wider range of 
tasks. 


On its first flight, the “Buran” will be tested in an 
unmanned version, although the spaceship is designed in 
general for a crew of two to four cosmonauts. The 
advantages of automatic control of flight hardly need to 
be demonstrated; it frees the crew, enables them to 
engage chiefly in experiments while they are in space, 
and heightens the whole system's reliability, since in the 
future cosmonauts will be able to take over control of the 
ship at any time. 
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*Buran’ Di Site Facilities 
18660036 Moscow KRASNAYA ZVEZDA in Russian 
29 Oct 88 p 6 


[Article by M. Rebrov, Colonel] 


[Excerpt] The overall height of the spaceship “Buran” 
(along the fin) is about 16 meters. The ship’s fuselage is 
5.6 meters in diameter, its wing area is 250 square 
meters, its payload compartment is 4.7 meters in diam- 
eter and more than 18 meters long, and the crew's 
cockpits are also fairly spacious: 4 x 4 and 6 x 4.2 meters 
and more than 70 cubic meters in volume. 


The initial total mass of the winged orbiting spaceship 
can be as great as 105 tons, and its landing mass is 82 
tons. 


The engines of the spaceship’s combined engine unit are 
used for controlling the ship’s movement in space, and 
aerodynamic controls (elevons, a steering rudder and an 
air brake) are used while the ship is gliding in the 
atmosphere. 


A landing complex is located 12 kilometers from the 
launching installation. This complex takes in a combined 
command post and control tower, and a concrete runway 
84 meters wide and 4,500 meters long. A so-called safety 
zone of 3 meters on each side of the runway and 500 
meters on each of its ends should be added to these 
figures. 


The landing complex includes radar equipment, range 
finders, “Kurs” and “Glissada” landing systems, a sys- 
tem for controlling air traffic in the vicinity of Baykonur, 
special transfer devices, and c six-story building with an 
instrument and scanning room on its top story. The 
combined command post and control tower is in charge 
of detecting and guiding the winged spaceship, the ship's 
landing approach, and stopping the ship, as well as 
post-flight servicing of the spacecraft and loading it for 
transportation to the installation-and-testing building. 


The landing complex’s radar equipment is capable of 
detecting the returning spaceship at a distance of 400 
kilometers and an altitude of 40 kilometers. Landing 
approaches can be made from the “eastern” and 
“western” directions. Landing speed is 310-340 kilome- 
ters per hour end the landing distance is 1,100-2,000 
meters. The “Buran” is equipped with a braking para- 
chute 75 square meters in area. This parachute is jetti- 
soned when the ship’s landing-run velocity has decreased 
to 50 kilometers per hour. The movement of the 
“Buran” down the runway is followed with the aid of 16 
television cameras installed along the runway. 


Displayed on screens in the main control room are data 
on altitude, distance, azimuth, speed, alignment with the 
central line of the runway, programmed and actual flight 
paths, equipment in operation, and information from an 
escort airplane. 
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At present, these data pertain to a TU-154 laboratory 
airplane which is making test approaches to the runway. 
A high-speed escort airplane will take off before the 
“Buran” returns. This airplane is equipped with optical- 
and-television systems for tracking the landing of the 
orbiting ship, and equipment for monitoring of landing- 
gear lowering and gliding condition. 
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Future Missions for Shuttle, Docking with ‘MIR’ 
Station 


18660037 Moscow KOMSOMOLSKAYA PRAVDA 
in Russian 28 Oct 88 p 4 


[Article by Sergey Leskov, special correspondent ai the 
Baykonur Cosmodrome] 


[Excerpt] The last preparations for launching the multi- 
purpose space rocket transport system “Energiya” and 
the reusable orbiting spaceship “Buran” are being com- 
pleted at the Baykonur Cosmodrome. 


“The majority of specialists agree that cosmonautics 
needs both reusable and non-reusable systems,” related 
the chairman of the state commission for flight testing of 
the “Energiya’ system and the “Buran” spaceship. 
“Flights lasting two to four weeks each are possible on 
reusable orbiting spaceships. They are quite capable of 
transporting large structures into orbit or removing them 
from orbit in that length of time, and the ships can dock 
with space complexes or platforms. That docking of the 
orbiting spaceship "Buran™ with the second-generation 
station "Mir is in our plans is no secret. It must also be 
remembered that a number of costly satellites now 
remain in orbit after their service life has expired, but 
here are reusable orbiting spaceships which could bring 
them back to Earth.” 
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Shuttle Launch Aborted 51 Seconds Before Liftoff 
18660038 Moscow PRAVDA in Russian 30 Oct 88 p 1 


[Article by A. Tarasov, special correspondent at the 
Baykonur Cosmodrome] 


[Excerpt] Flight Conirol Center. Deviations in the oper- 
ation of a launch support system occurred during the 
final stage of preparing the launch-rocket “Energiya” 
and the orbiting spaceship “Buran” for launching. A 
command to halt further work was issued automatically 
in connection with this. The problems that have arisen 
are now being eliminated. 


A further announcement of the time and date of the 
launch will be made. 


It was hoped at first that the launching process would 
soon be resumed, but then came the announcement that 
draining of the “Energiya”™ rocket’s fuel had begun. This 
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[Article by V. Ovcharov, correspondent at the Baykonur 
Cosmodrome] 


[Excerpt] The first Soviet reusable spaceship, “Buran”, 
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launching and ascent made a takeoff! run down a runway has passed its examination in space with honors. 


—_ by A. Tarasov, special correspondent at the 18660046 Minsk SOVETSKAYA BELORUSSIYA 
MiG airplane for serial observation of the rocket's 


[Excerpt] Pilot-cosmer ‘aut |. Volk aicned a camera with a 
telescopic lens at the L.unching of toe “Energiya™. A 











flight was completed, the ship turned around and fired 
its braking engines. It thus began the trip back to Earth 
tail-first. It then returned to its previous position and 
rushed toward the landing runway. 


The spaceship had been awaited there for a long time. A 
MiG-25 took off into the sky again. Special radar sys- 


The “Buran” is not the only craft of its kind in existence. 
A number of other spaceships are at various stages of 
readiness, and second flight of the “Buran” could be 
made without difficulty during the months immediately 


‘Buran’ 
PM0712153588 Moscow IZVESTIYA in Russian 6 Dec 
88 Morning Edition p 2 


{Interview with Yu. Semenov, chief designer of reusable 
spacecraft, by scientific observer B. Konovalov, under 
the “Viewpoint™ rubric: “Why Do We Need ‘Buran”””’; 
first paragraph is IZVESTIYA introduction] 


began his production activity in a design bureau under 
the leadership of M.K. Yangel. Then he to S.P. 


Korolev's design bureau. He is now deputy general 
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insertion were underestimated. Their creation was sus- 
pended. Today this decision has been recognized as 


spacecraft in the earth's orbit from i vidual units put 
into orbit by the “Energiya” rocket with the participa- 
tion of the “Buran” space ship 
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solution should be regarded as a temporary one, until the 


appearance of a reusable freight and passenger complex 
(a reusable booster unit and space ship) smaller than the 


“Energiya-Buran system. 


is economically inexpedient to produce something simi- 
lar to the “Soyuz” but of larger size. 


United States, France, and Japan. 
eee pat cheap ae ie Otek oe he 


complex to justify the funds 
nues can this happen? 


tem, the’: use in daily life can already bring our national 
economy revenue running into many billions and con- 
siderably in excess of expenditure on space research. 


For instance, the electrochemical generators of the mod- 
(hydrogen- 


1500-1 ,600 degrees are tens of times more effective than 
any others. Manufacturing processes for the production 
of structures from various new materials, including: 
cellular composites reducing the structures’ we'tht ‘+ "0 
percent, and promising beryllium and titanium and 
nickel alloys could be widely introduced. 


The methods developed for testing comple, tevhnwa! 
systems, the universal highly rchable compute: oom 
plexes, and methods of developing and debugging «vt 
ware. We must not underestimaic the mmpwiane of 
effective methods of automatn hagmernes and pre inion 
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systems for measuring physical parameters, and televi- 
sion systems for displaying and recording information 
with a high degree of resolution and sensitivity. All this 
has been done to the standard of world achievements. 


In addition to econor’ic expediency, the equipping of 
our aircraft with all-weather landing facilities, the intro- 
duction of remote control and guidance facilities using 
communications channels via relay satellites for all types 
of transport, and the use in atomic power engincering of 
a computer control complex with a built in diagnosis 
system will make it possible to nd ourselves of many 
ordeals and potential tragedies. And these are just a few 
examples of the “incidental” use of the achievements 
obtained during the development of the “Energiya- 
Buran” complex. [Konovalov] The impression is created 
that “Buran” will be vitally necessary only with the 
appearance of large orbital stations and space factories, 
when it will be necessary to set up a large-scale freight 
flow from earth to space and back to carth and to 
transpor: many people. Am | wrong? 


[Semenov] Yes, in our country and abroad research is 
being carried out most seriously in connection with the 
study of the possibility of organizing in orbit the produc- 
tion of materials in the interests of various sectors of 
industry and of biological preparations for medicine 
with properties which cannot be obtained under condi- 
tions on earth. It seems to me that this work wil! produce 
tangible results as carly as the next decade. All this work 
is connected with a large-scale freight flow from earth to 
space and back to earth. And the “Buran” space ship is 
irreplaceable for bringing back to earth the output from 
these production facilities. 


It should be noted that the orbital complexes of the 
future will undoubtedly include unique instruments, 
large, complex girder structures and power systems 
whose deployment is inconceivable without the partici- 
pation of the “Buran™ space ship in this work. 


“Buran’s” transport only of people to orbital complexes 
is hardly likely ever .o be expedient. 


But, as has already been noted, “Buran” also has inde- 
pendent tasks unconnected with the servicing of future 
orbital stations. 


[Konovalov] The “Energiya™ rocket opens up scope for 
creating large satellites and orbital and interplanctary 
stations. But it raises very keenly the question of the cost 
of space projects. Evidently a sensible way out of the 
situation is international cooperation. Are you prepared 
to offer the international community the shared use of 
the “Energiya™ rocket? 


[Semenov] You are right, “Energiya”™ opens up truly 
boundless opportunities for developing space. But it is 
also well known that further headway is being held back 
by the large expenditure which cannot be avoided in 


taking on a particular project. 
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All more or less simple tasks which required relatively 
small expenditure have already been resolved. The 
projects of the future undoubtedly demand the involve- 
ment of the world community's scientific and technica! 
potential. Implementing individual projects through the 
efforts of just one country, however wealthy, is incon- 
ceivable. For instance, take the implementation of a 
manned expedition to Mars or the organization of direct 
communications for inhabitant of earth in any 
corner of the earth. This solution of this problem is 
connected with the need to put into stationary orbits 
multi-ton relay satellites equipped with large receiving 
and transmitting antennas many meters wide. With the 
appearance of the “Energiya™ booster rocket the launch- 
ing of such satellites has become perfectly feasible. But 
international cooperation on a shared basis is essential to 
produce hundreds of millions of ground-based autono- 
mous portable radiotelephone apparatuses. Dozens of 
such projects can enumerated. | think the international 
situation today makes it possible to look with optimism 
on the creation of planet-wide cooperation. 


We are in favor of space becoming an arena for peaceful 
international cooperation and we are ready to make the 
“Energiya-Buran” complex available for planet-wide 
use. 


Cc on Flight of ‘Buran’ Shuttle by 
meng con 
18660018 Moscow PRAVDA in Russian 17 Nov 88 p 3 


[Article by V. Glushko, academician, general designer of 
the “"nergiya”-“Buran™ rocket-space system, manned 
ships and stations, and Yu. Semenov, corresponding 
member, USSR Academy of Sciences, chief designer of 
the “Buran” orbital ship, manned ships and stations: 
“ “Buran’ Over the Planet”) 


[Text] The first test flight of the “Buran” shuttle opens a 
new page in the Soviet space research program and is a 
natural step considerably broadening the work carried 
out by our scientists in circumterrestrial space. 


Henceforth Soviet space technology has not only the 
means for putting an artificial earth satellite and loads of 
great mass into orbit, but also means for their return to 
the Earth. 


The “Buran” ship is a logical continuation of the work of 
Soviet designers of space technology. It integrates all the 
accumulated expenence of Soviet rocket-space and avi- 
ation technology. 


An aircraft design of the “tailless™ type with a low-placed 
triangular variable sweptback wing served as the basis 
for ship construction. It makes an impression due to its 
inspiring size. Its total length is 36.4 m, the wing span is 
about 24 meters and its standing height is 16.5 meters. 
Its load compartment could be a good railroad car which 
can freely hold a payload with a weight up to 30 tons 
with a total launching weight of the ship up to 105 tons. 
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The ship was launched using the “Energiya” universal 
booster rocket. Flight in orbit occurs traditionally with 
execution of all the operations characteristic of a space 
vehicle, but here the descent into the Earth's atmosphere 
occurs the same as an ordinary aircraft with landing at a 
specially prepared airport. The landing speed is about 
340 km/hour, the same as a modern fighter plane. A 

near the launching area at Bayko- 
eciareras nde este ae 


specialized airports in the western and eastern parts of 
the country for broadening the operational capabilities 
of the complex. 


The ship's body is not pressurized. It can be divided 
arbitrarily into three compartments: prow, middle (pay- 
load compartment) and tail. In the prow compartment 
there is a pressurized fully welded inserted cabin with a 
total volume of more than 70 cubic meters which in the 
future will hold the crew and the main part of the appara- 
tus, ensuring the ship's flight in a rocket-space complex, 
autonomous flight in orbit, descent and landing. 


On the outer side of the body there is a specially 
developed heat insulating covering. Two types of cover- 


temperature of the body covering must not exceed 150 
degrees. In mentioning the heat-shielding covering it 
must be noted that the problem of creating a heat- 
shielding covering with the necessary mass and ther- 
mophysical characteristics was one of the most acute 
problems both in our country and in the United States in 
construction of the Space Shuttle. The total mass of the 
thermal shielding of the “Buran” ship at the present time 
is less than 9 tons. 


the thermal shielding provides for the installation of a 
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total of about 39 000 “tiles” fabricated on lathes under 
specially formulated programs, taking into account the 
specific place of their installation on the body, with strict 
adherence to the gaps and rigorous limitations on the 
height of projections, being fractions of millimeters, 
ensuring stipulated theoretical contours. 


Having a relatively high lift-drag ratio, the “Buran” ship 
is capable of a controllable descent in the atmosphere 
with the performance of a lateral maneuver along the 
descent trajectory up to 2000 km. This is a very impor- 
tant property, which in the case of appearance of unfore- 
seen circumstances in the course of the flight makes it 
possible to scrub the flight and make a landing at one of 
the three airports in virtually all cases in the time 
allocated for this purpose. 


In the “Buran” ship there are more than fifty systems 
linked in a single on-board control complex. Absolutely 
all the operations for control of on-board systems are 
performed automatically using the programs incorpo- 
rated in the on-board computer. In the course of com- 
puter operation a thorough diagnosis of on-board sys- 
tems is made and in case of necessity reserve sets of 
apparatus are automatically cut in. 


A highly important property of the ship is its consider- 
able load-lifting capacity. Its load compartment, with 
respect to both mass and size, makes it possible to hold, 
for example, the base module of such a station as the 
“Mir” or the operational “Kvant™ module. 


Despite its impressive size, the “Buran” ship has good 
maneuverability in orbit. The ship carries a combined 
engine operating on high-energy fuel components (oxy- 
gen-hydrocarbon fuel) for putting the vehicle into a 
working orbit, for interorbital transfers, for precise 
tion and stabilization. The engine is constructed in the 
form of a single assembly (base module) situated in the 
tail compartment of the body and two “belts” of engines 
near the front part of the body, in front of the cabin and 
in the rear part of the tail compartment. All engines are 
fed from unified fuel tanks. The total fuel supply is about 
14 tons. 


The “Buran” ship made its first flight without a crew 
aboard. This flight confirmed that the ship could per- 
form flights up to and including landing in an automatic 
mode. The duration of the first flight of the “Buran” ship 
was only 205 minutes, that is, it executed not much more 
than two revolutions around the Earth, although the 
maximal duration of its autonomous flight (indepen- 
dently of orbital complexes) in the first stage can be up to 
seven days and in the second stage up to 30 days. 


The segment of launching with the booster rocket has a 
duration of about 8 minutes and ends with the ship's 
separation from the central module (second stage) of the 
a This segment is the most stressedwith 
respect to the dynamic loads on the ship caused by 
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acrodynamic forces and the acoustical effect. A special 
feature of the ballistic flight scheme is that the 
“Energiya™ booster rocket does not put the ship into 
orbit but completes the active segment by creation of 
conditions for the realization of entry of the ship into 
i at the same time, 


2 
g 
g 
E 
3 
: 
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In the segment of final insertion into orbit the ship's 
combined engine is fired twice. The total time of opera- 
tion of the ship's service propulsion engines is about 100 


prelanding maneuvering, reduction of the ship to the 
landing zone, flight in a glide and landing. In this 
segment there is rigorous control of the current velocity 
of the ship after active ing in the dense layers of the 


with surface airport facilities. In a case if after emergence 
from plasma the velocity exceeds the stipulated level the 
ship performs complex trajectory maneuvers for the 
purpose of reduction to the airport zone at a rigorously 


Particular attention was devoted to the ing of the 
automatic landing regime. Many tens of flights of a 
specially constructed full-size mockup of the ship were 
carried out for this purpose. The work was done on 
numerous simulation stands, as well as on flying labora- 
tories based on TU-154 and TU-134 aircraft. 


tation systems from the “Energiya™ booster rocket and 
fed a command barring execution of the launching. The 
absence of such monitoring can lead to serious conse- 


tory with subsequent landing at an airport or execution 
of a return maneuver in which the booster rocket with 
the ship performs a flight in a “loop,” optimal for cach 
case, with rising to an altitude of 100 km with a distance 


Still broader tests of the ship are planned prior to the 
launching of a crew in order to be completely convinced 
of flight safety in this complex. 
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The just completed flight of the “Energiya” booster 
rocket with the reusable “Buran” ship can rightfully be 
classed as an outstanding scientific-engineering and pro- 
duction achievement of numerous teams in design 
tions, all those who developed, constructed and tested 
the unique rocket-space system, all those who planned 
and built the highly complex technical, launching and 
landing ensuring preparations for and imple- 
mentation of this flight. Without question, this work, in 
which many hundreds of teams of different ministries 
and departments participated, once again has demon- 
strated the level of the scientific-technical capability of 
our Motherland to the entire world. 


400001160009 Sof RABOTNICH NEKO Bevo 


in Bulgarian 3 Jan 89 p $ 


Shuttles” —date of interview au. grven] 


{Excerpts} Baykonur, Moscow (from RABOTNI- 
CHESKO DELO correspondent Atanas Atanasov)— The 
building is located in Baykonur. | found myself there 
th: nks to the growing openness and glasnost, which is 
reducing more and more the numbers of “closed” zones 
on Soviet territory. As for Baykonur—the launching site 
for piloted spacecraft and interplanetary stations, foreign 
journalists have visited it for a long time on two sorts of 
occasion. First, when spaceships with international 
crews are launched from there, and second, when these 
ships land in the Kazakhsten steppe after completing 


...From the outside, the building reveals nothing about 
its special purpose. From the viewpoint of size and 
architecture, it lies between an administrative building 
and an industrial plant. However, when one is inside, its 
speciousness in both vertical and horizontal directions is 
truly impressive. Its total area is 72,000 square meters. 
Artificial ‘ighting and special air conditioning installa- 
tions create an environment in which you have the 
feeling of being in bright sunlight in the open air. 
Everyone wears white overalls. Four “Buran” shuttles— 
two prototypes and two being assembled—+stand in the 
four separate sections of the building. [passage omitted] 


Space Engineering 


[Atanasov] What aspect of the technical specifications of 
this spacecraft represents a qualitatively new contribu- 
tion by scientists, designers, and engineers? 

“Naturally, ‘Buran's’ electronic brain,” Engineer Alek- 
sandr Nikitin immediately replied. “Its high content of 
the latest electronic and automated equipment enables 
it, after two orbits in space, to assume the functions of a 
jet aircraft and make an automatic landing with incred- 
ible accuracy on a specially constructed runway in Bay- 
konur. Please note that this is the world’s first pilotiess 
landing of a ‘space shuttle’ returning from its flight.” 
The space shuttle’s heat-insulating “chain armor” is a 
supreme achievement in its design, Engineer Nikitin 
explained. On its return flight from space, the huge 
“Buran” craft passes through a “plasma fire” created by 
its high velocity and atmospheric friction that causes its 
temperature to rise to over 1500 degrees, which no metal 
can withstand. The scientists and engineers have discov- 
ered the required type of alloy, which is unlike anything 
previously used in world practice. 


The material used consists of comparatively light tiles, 
reminiscent of foam plastic. Almost 2 years of research 
and experiments were needed to develop the reliable 
for determining the geometry of the tiles and 
for securing them in place with adhesive, to conform to 
the aerodynamic surface of the craft. Another curious 
fact is that the shape of each of the 38,000 tiles and the 
accuracy with which they were fixed in place have been 
determined and verified by computer, in accordance 
with their performance specifications, as soon as they 
appeared in the computer program. [passage omitted] 
[Atanasov] What are the possibilities for using the 
advanced scientific and technical projects developed for 
space purposes in the various ficids of the economy? 
“The opportunities are immense and inexhaustible,” the 
Soviet scientist replied. “Their use in the country's 
everyday life can bring billions of rubles in income, far 
exceeding the expenditure on space research. 


“For example, the unique independent miniature com- 
puter for controlling the space shuttle [kosmolet} can be 
used in civil aviation, nuclear engineering, and so on. 
The experience in this sphere, gained by experiment and 
tested in practice, can be applied not only in the engi- 
neering branches. As a matter of fact, the majority of the 
space technologies, equipment, computer programs, 
materials, etc., are suitable for mass use to great eco- 
nomic effect in all spheres of the economy. The potential 
gain from such costly experiments as ‘Energiya—Buran’ 
is obtained precisely from utilizing these possibilities.” 





Manned Mission 
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It is recailed that improvements were made in th 
engines of transport spaceships after this flight. Lyakhov 
and Ryumin returned to Earth in a spaceship, “Soyuz- 
34,” which was equipped with a new engine 


TM-S’ Docks at “MIR’ Complex 
18660019d Moscow IZVESTIYA in Russian 
Ii Jun 88 pl 


[TASS Report} 


[Text] The spaceship “Soyuz TM-5" docked with the 
scientific research complex “Mir” on 9 June 1988, at 
1957 hours Moscow time. 


An international crew—Soviet cosmonauts Vladimir 
Titov, Musa Manarov, Anatoliy Solovyev and Viktor 
Savinykh and Bulgarian cosmonaut Aleksandr Aleksan- 
drov—has begun carrying out a program of joint 
research and experiments in near-Earth orbit. 


program of astrophysical research and photograph the 
Earth's surface, including territory of the People's 
Republic of Bulgaria. Also planned are medical-biolog- 
ical studies and space materials-science experiments. A 
substantial portion of the joint work will be performed 
with the aid of scientific equipment which was devel- 
oped by Bulgarian specialists and delivered into orbit by 
the cargo spaceship “Progress-36.” 


ao 


Cosmonauts Begin Experiment Programs 
18660019¢ Moscow PRAVDA in Russian 11 Jun 88 p ! 


{TASS Report] 


[Text] Flight Control Center, 10 June. The international 
crew consisting of Viadimir Titov, Musa Manarov, Ana- 
toliy Solovyev, Viktor Savinykh and Bulgarian cosmo- 
naut Aleksandr Aleksandrov is working for the second 
day in near-Earth orbit. 


The scientific program of the joint work on board the 
“Mir™ complex is packed with diverse studies. Today's 


A substantial place in the work of the Soviet-Bulganian 
crew is reserved for extra-atmospheric astronomy 
research employing an astrophysical complex, 


Manned Mission Highlights 


“Rozhen.” The cosmonauts will calibrate and tune 
equipment today. The constellations Ophiuchus and 
Cygnus have been selected as standard radiation sources 
for this purpose. 


The day's agenda calls also for a series of photographing 
and spectrometry of Bulgarian territory, measurement of 
optical characteristics of the atmosphere, and a techno- 
logical experiment, “Kliment-Rubidiy,” in the “Kristal- 
lizator™ unit. 


In addition to the Soviet-Bulgarian studies, a biotechnol- 
Ogy experiment begins today on board the orbiting 
complex “Mir.” This experiment is being conducted in 
line with an agreement betweer the Soviet Union and 
Australia. The purpose of the experiment is to obtain 
single crystals of ar influenza-virus antigen in conditions 
of zero gravity, so that studies of the three-dimensional 
structure and properties of these crystals can subse- 
quently be made. 


In the course of the day, the cosmonauts exchanged 
personal equipment in the transport spaceships, since 
Anatoliy Solovyev, Viktor Savinykh and Aleksandr 
Aleksandrov will return to Earth in “Soyuz TM-4.” 


According to telemetry data and reports from the crew, 
the flight is proceeding normally. 


The crew of the visi’ing expedition underwent a medical 
examination for the purpose of further studying features 
of the human organism's adaptation to conditions of 
zero gravity. 


All five cosmonauts are feeling well. 
Cosmonasts Perform Remote Sensing, Astronomy, 
Materials Studies 


18660019f Moscow IZVESTIYA in Russian 
12 Jun 88 pl 


[TASS Report] 


[Text] Flight Control Center, 11 June. The work day of 
the Soviet-Bulgarian crew on board the “Mir” complex 
began at 0900 hours Moscow time, and will last until 
midnight. 


In line with the program of geophysical studies, the 
cosmonauts are conducting the latest series of “Geo- 
resurs” experiments today. The purpose of these exper- 
iments is to photograph in\ividual sections of the 
Earth's surface, study optical characteristics of the atmo- 
sphere and record various components of atmospheric 
pollution. This work is being performed with the aid of 
the stationary camera KATE-140, hand-held cameras 
and the apparatus “Spektr-256." 


Extra-atmospheric astronomy research employing the 
astrophysical complex “Rozhen”™ is continuing. The con- 
stellations Pegasus, Sagittarius and Ophiuchus have been 
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selected as the objecis of these observations. The 
“Rozhen” apparatus includes an optoelectronic con- 
verter with a cooled receiver, a computer for processing 
results of measurements and controlling experiments 
automatically, and a system for recording information. 


The latest “Kliment-Rubidiy” experiment in the field of 
space materials science will be conducted in the course of 
he day. The purpose of this experiment is to perfect a 
process for obtaining unique materials with high ion 
conductivity. 


A series of biotechnology experiments with the “Aynur” 
and “Ruchey” units is being conducted on board the 
complex in line with a Soviet research program. The first 
of these experiments is intended for obtaining single 
crystals of protein preparations in conditions of zero 
gravity, so that studies of the three-dimensional struc- 
ture and properties of these crystals can subsequently be 
made. Interferon obtained by genetic engineering is 
purified electrophoretically in the second experiment. 


A Sofia-space television link was organized on the 
evening of 10 June. In a conversation with the interna- 
tional crew which took place during a period of televi- 
sion communication, comrade Todor Zhikov, general 
secretary of the Central Committee of the Bulgarian 
Communist Party and chairman of the State Council of 
the People’s Republic of Bulgaria, wished the cosmo- 
nauts a successful completion of their mission program. 


According to results of medical monitoring, the condi- 
tion of the health of Viadimir Titov, Musa Manarov, 
Anatoliy Solovyev, Viktor Savinykh and Aleksandr 
Aleksandrov is good. 


The program of the joint flight is being carried out 
successfully. 


*Spektr-256" M 
18660019g Moscow IZVESTIYA in Russian 
12 Jun 88 p 2 


[Article by B. Konovalov, special correspondent at the 
Flight Control Center] 


[Excerpt] At the Baykonur Cosmodrome, Professor B. 
Bonev, director of the Bulgarian Academy of Sciences’ 
Institute of Space Research, told journalists that the 
“Shipka” program has cost 7 million leva. This program 
not only includes scientific and technical experiments 
which are aimed at acquiring new knowledge and pre- 
pares technological resources but is of great economic 
importance even now. 


An instrument called “Spektr-256" was developed under 
the direction of Professor D. Mishev at the Bulgarian 
space-research institu’e. 


Manned Mission Highlights 


The number in the name of this instrument signifies that 
the cosmonauts can now record spectral characteristics 
of the Earth's surface in 256 channels, in visible and 
infrared radiation, instead of 15 channels, as was for- 
merly the case. How much this increases the research 
capabilities of this apparatus becomes clear when one 
considers the fact that each channel records some char- 
acteristic feature of a natural formation. 


It is important that recorded spectra be referred at once 
to localities that are being probed. A cosmonaut looks 
through the lenses of the “Spektr-256" and a camera 
simultaneously, recording on film the locality that is 
being observed. If the object of observation is uniform, 
the data from the strip of Earth 120-150 meters wide 
which is being studied with the “Spektr-256" can be 
extended to the entire locality. This increases the instru- 
ment’s value. A Bulga: ian microcomputer with a floppy- 
disk memory is used to record information. The Soviet- 
Bulgarian crew will bring the disks back to Earth. 


No instrument similar to the “Spektr-256" exists in 
world practice. 


“Our main objective is to study specially selected survey 


_ areas on Bulgarian and Soviet territory where observa- 


tions will be conducted simultaneously from airplanes 
and on the ground,” said D. Mishev. “This work is of 
both scientific and much economic importance, for 
geology, agriculture and forestry. Not only dry land but 
the coastal shelf and the Black Sea itself will be studied.” 


The Earth and the universe are studied through windows 
of “Mir” and “Kvant.” The manner in which optical 
characteristics of these windows change in the course of 
time will also be studied in detail with the aid of 
“Spektr-256." This is very important for the purpose of 
eliminating distortions brought about by bombardment 
of the panes with micrometeorites and flows of charged 
particles. 


Having found breaks in the cloud cover, the Soviet- 
Bulgarian crew began an experiment called “Georesurs- 
1” after their midday meal on 10 June. The “Spektr- 
256" apparatus and the Soviet camera “KATE-140” 
were used in this experiment. 


Crystal Growth, Influenza Virus Experiments 
18660019h Moscow SOVETSKAYA ROSSIYA 
in Russian 14 Jun 88 p 3 


[Article by Aleksandr Nemov, special correspondent at 
the Flight Control Center] 


[Abstract] The article records conversations with special- 
ists at the Flight Control Center and the Soviet-Bulgarian 
crew of the orbiting complex “Mir.” They commented 
on the nature and prospective applications of medical- 
biological and crystal-growing experiments which the 
cosmonauts were conducting. 
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Candidate of Physical-Mathematical Sciences I. Videns- 
kiy, a science associate of the USSR Academy of Sci- 
ences’ Institute of Space Research, is quoted in regard to 
a series of experiments called “Kliment-Rubidiy” which 
was being conducted in an automated unit, “Kristalli- 
zator,” on board the “Mir” complex. The purpose of 
these experiments is to obtain high-quality rubidium- 
silver iodide single crystals. These experiments are per- 
formed at times when the crew of “Mir” is resting or 
sleeping, in order to reduce effect: of extremely small 
gravitation caused by the cosmonauts’ movements and 
ensure an adequate power supply for research equip- 
ment. Since the “Kliment-Rubidiy” experiments con- 
sume a considerable amount of power, they must be 
conducted at times when other equipment of the com- 
plex is not in operation, Videnskiy explained. Results of 
the experiments are expected to find use in development 
of compact and reliable storage cells and capacitors for 
electric motor vehicles, for example. 


Candidate of Medical Sciences A. Lepskiy, an associate 
of the USSR Main Administration for Developmnent 
and Use of Space Technology for the Economy and 
Scientific Research, commented on biotechnology exper- 
iments which were first proposed by an Australian 
scientist. These experiments were begun by the Soviet- 
Bulgarian crew and are to be completed in two months 
by a Soviet-Afghan crew on board “Mir.” The purpose of 
the experiments is to obtain a homogeneous crystal of a 
membrane protein of the influenza virus. Scientists hope 
to obtain a crystal whose atomic structure can be deter- 
mined by means of x-ray analysis, Lepskiy explained. A 
crystal large enough for this purpose can be grown in 
space conditions, but this process takes more than two 
months. If the experiment is successful, its results can be 
used in creating an artificial counterpart of the mem- 
brane protein and developing an influenza vaccine. 
Lepskiy mentioned plans for performing similar research 
for American companies on a commercial basis, begin- 
ning next year. 


Studies of Ionosphere and Atmosphere, 
Cosmonauts’ A tion 
186600191 Moscow PRAVDA in Russian 13 Jun 88 p 1 


[TASS Report] 


[Excerpt] Flight Control Center, 12 June. Anatoliy 
Solovyev, Viktor Savinykh and Aleksandr Aleksandrov 
are conducting research for the fourth day with Vladimir 
Titov and Musa Manarov on board the orbiting complex 
“Mir.” 


Today the cosmonauts are conducting a series of studies 
of physical processes occurring in the ionosphere and the 
upper layers of the atmosphere, using an optoelectric 
spectrophotometer, “Paralaks-Zagorka,” which was 
developed by Bulgarian specialists. 


Manned Mission Highlights 


Study of features of processes of adaptation of the 
human organism to conditions of space flight is one of 
the directions of the Soviet-Bulgarian research program. 
The crew of the visiting expedition is performing a set of 
medical experiments for this purpose. The working fit- 
ness of cosmonauts is studied and the effectiveness of 
means of preventing adverse effects of weightlessness 
evaluated in the course of these experiments. 


A substantial place is reserved for geophysical experiments 
in the international crew's mission program. The cosmo- 
nauts are conducting the latest series of photographing and 
spectrometry of territory of the People’s Republic of 
Bulgaria today. Information which is obtained will be used 
for accomplishing many scientific and economic tasks, 
including ones in the interest of geology and monitoring 
pollution of the atmosphere and coastal waters. 


In line with the program of biological research, experi- 
ments are being continued which are aimed at studying 
the developmnent of higher plants in conditions of space 
flight. Seed wheat, arabidopsis tissue cultures and gin- 
seng have been selected as objects of research. 


The flight of the orbiting complex “Mir” is proceeding 
normally. 


All of the cosmonauts are healthy and working in good 
spirits. 


Sleep Research, Interferon Production, 
Astrophysical Studies 
18660019; Moscow IZVESTIYA in Russian 
14 Jun 88 p 1 


(TASS Report} 


[Text] Flight Control Center, 13 June. Cosmonauts Vla- 
dimir Titov, Musa Manarov, Anatoliy Solovyev, Viktor 
Savinykh and Aleksandr Aleksandrov are continuing 
joint work on board the orbiting complex “Mir.” 


The crew of the visiting expedition has performed a 
considerable amount of medical research. One of the 
tasks of this research has been to determine the relation- 
ship between the working fitness of cosmonauts and the 
adequacy of their sleep and rest, in particular. Aleksandr 
Aleksandrov conducted an experiment during which the 
quality of sleep was determined in accordance with 
electrophysiologic indicators recorded by an apparatus 
called “Son-3” (sleep-3) and replies to a questionnaire. 


The latest lot of interferon obtained by genctic engincer- 
ing has been purified clecirophorctically in the 
“Ruchey” unit. 


In line with the program for research of Earth natural 
resources and study of the environment. the cosmonauts 
will perform several serics of photographing and spectrom- 
ciry of individual sections of the Earth’s surface todav. 
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Research employing the “Rozhen" apparatus is continu- 
ing. Experiments are planned for the purpose of measur- 
ing background luminescence of the night sky and eval- 
wating polarization of the radiation of astrophysical 


An experiment aimed at studying the development in 

zero gravity of higher plants exposed to a non-uniform 

— ee 
t” unit, 


On the day's program is an onboard press conference of 
the international crew for Soviet and foreign journalists 
who are covering this space mission. 


According to telemetry data and reports from orbit, the 
flight of the scientific research complex “Mir” is pro- 
ceeding normally. 


Comrades Titov, Manarov, Solovyev, Savinykh and 
Aleksandrov are feeling well. 


Studies of Cosmonaut's Sleep, lonizing Radiation 
on ‘MIR 

18660019k Moscow IZVESTIYA in Russian 

14 Jun 88 pl 


[Article by B. Konovalov, special correspondent at the 
Flight Control Center] 


[Excerpt] The idea was that Viadimir Titov and Musa 
Manarov would rest on Sunday; instead of doing so, 
however, they helped the visiting crew conduct Soviet- 
Bulgarian experiments which have now been launched in 
a wide range of fields in orbit. “Leisure” is planned on 
board the station, but this is merely the name of an 
experiment in which the effect of music, video informa- 
tion and games on the psychological state and working 
fitness of the crew is evaluated. 


For Aleksandr Aleksandrov, even sleep is work. When he 
sleeps, an experiment called “Cosmonaut's Sicep”™ is in 
progress. 


Al a meeting in Sofia, Anna Varbanova, director of the 
Bulgarian Academy of Sciences’ Institute for Study of 
the Brain and head of the group that authored this 
experiment, told me: “Sleep is a continuation of the 
waking state. If a person develops some kind of disorder, 
it will be reflected in his sleep. In collaboration with the 
Institute of Medical-Biological Problems, we have stud- 
ied the sleep of Soviet aquanauts living in an underwater 
‘dwelling. Sleep was found to be one of a number of 
highly sensitive indicators of a person's condition. The 
character of a person's sleep is reflected in his working 
fitness. We therefore have now decided to study the sleep 
of human beings in space living quarters. This will yield 
very interesting results, in our opinion. We hope to learn 
how to correct sleep so that for cosmonauts, it will not be 
superficial sleep but the deep kind which produces a full 


measure of rest. Equipment which has been designed and 
methods which have been developed for this expernment 
will be useful also for terrestrial research in cases 
various illnesses.” 
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The color of various objects on the Earth's surface, 
including ones in the world's oceans, used to be deter- 
mined visually by cosmonauts, with the aid of an 
onboard atlas of | 000 colors. 


During the present mission, data gathered by cosmo- 
nauts will be compared with data provided by an objec- 
tive, impartial Bulgarian instrument, the “Spektr-256." 
After the mission is over, scientists will be able 
the ,. 


ascertain the precise amount by which cosmonauts 
eyes were in error. 
"Pleven-87" Unit for of Cosmonauts’ 
Reactions 


186600191 Moscow IZVESTIYA in Russian 
15 Jun 88 p 3 


[Article by B. Konovalov, special correspondent at the 
Flight Control Center] 


[Excerpt] An echo of the battle [of Pleven in 1877] can be 
heard today in the joint Soviet-Bulgarian space mission. 
An experiment called “Pleven-87" has become an 
important part of the “Shipka” program. 
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*Rozhen'’ ouple Imaging Instrument 
18660019n Moscow IZVESTIYA in Russian 
16 Jun 88 p 3 


[Article by B. Konovalov, special correspondent at the 
Flight Control Center] 


[Excerpt] In the Soviet-Bulgarian space mission, the 
main experiment on the sunlit side of the orbit is 
“Georesurs,” but it is “Rozhen™ on the dark side. 


The “Rozhen™ experiment was conceived and realized 
by Sofia University's chair of astronomy and the Bulgar- 


ian Academy of Sciences’ Institute of Space Research. 














enters 
ade gmp lens of this instrument and is then 
ee eee oe but on a 
so-called array, where it 1s converted into 
an clectric signal and represented in digital form. This 
signal is then received by another unit of the complex for 
recording and processing with a compact, large-capacily 
personal computer, which enables the cosmonauts to 
control the experiment in real-time conditions. 
On the screen of a display device, the cosmonaut con- 
ducting the experiment (all of the visiting crew's mem- 
bers have now worked as operators) sees a picture of the 
starry in the area of the universe which has been 


I 


The stellar image is simultaneously transmitted to Earth 
via telemetry channels. 


On every day of the Soviet-Bulgarian mission, the por- 
tions of two to three orbits which lie on the dark side of 
the Earth are reserved for research employing the 
“Rozhen™ apparatus, including studies of objects which 
are inaccessible to observers on the ground. 


The experiments which are being conducted are explor- 
atory in character and are to provide a basis for devel- 


developed at the Bulgarian space-research institute's 
city of Stara Zagora. Certain 
out nd ened 1,000 times 


a CS Psychological Studies 
186600190 Moscow IZVESTIYA in Russian 

16 Jun 88 p i 

[TASS Report} 


[Text] Flight Control Center, 15 June. The Soviet-Bul- 
crew continues to carry out joint work success- 
on board the orbiting complex “Mir.” 





Manned Mission Highlights 


In line with the space materialsscience program, the 
experiment “Struktura” which began yesterday has been 
completed in the “Kristallizator™ unit. Specimens of an 
aluminum-copper alloy with different iron contents have 
been obtained in the course of this experiment. These 
specimens will be delivered to Earth for the purpose of 
further studying crystallization processes and developing 


new technology for obtaining composite 
The program of wcal studies calls for 
ing individual areas of land surface and the waters of the 


world’s oceans, and for a series of experiments aimed at 
determining optical and spectral characteristics of the 
Earth's atmosphere. 


Experiments employing the Bulgarian astrophysical 
complex “Rozhen" are continuing. The cosmonauts are 
conducting observations of various clusters of stars and 
central areas of our galaxy today with the aid of this 


equipment. 


Medical examinations are conducted regularly in the 
course of the mission. An experiment called “Dosug™ 
(levsure) 1s scheduled for the evening hours. The purpose 
of this experiment is to evaluate the effect of various 
musical and video programs and computer games on the 
crew's working fitness and morale. 


According to telemetry data and reports from orbit, the 
onboard systems of the manned complex “Mir” are 
functioning normally. 


Cosmonauts Viadimir Titov, Musa Manarov, Anatoliy 
Solovyev, Viktor Savinykh and Aleksandr Aleksandrov 
are healthy and feeling weil. 


Biomedical Monitoring of Cosmonasts 
18660019p Moscow PRAVDA in Russian 16 Jun 88 p / 


[Article by A. Tarasov, special correspondent at the 
Flight Control Center] 


[Abstract] The article comments on extra-atmospheric 
astronomy and med . atmosphere and 
Earth studies which were being conducted on board the 
orbiting complex “Mir.” Astrophysicists from Sofia Uni- 
versity and the Academy of Sciences’ Institute 
of Space Research and other Bulgarian specialists who 
were following these activities had been assigned a room 
of their own at the Flight Control Center. Pictures of 
celestial objects observed with the “Rozhen™ unit on 
“Mir” were being transmitted via telemetry channels to 
the center and reproduced on the screen of a “Pravets” 
personal computer in this room. 


The cosmonauts and medical personnel reportedly 
praised the performance of a number of items of 
onboard equipment, particularly the “Spektr™ unit, an 
instrument called “Globus” and a computer called 
“Zora.” A map of the Earth with the flight path of “Mir” 
traced on it was being displayed on the screen of the 
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(A photograph is given showing the members of the 
Soviet- crew in their space suits and seated in 
chairs afer the landing.) 


Comment on Crew's Radiation 
Specialists on Health, 


18660019 Moscow SOVETSKAYA ROSSIYA 
in Russian 18 Jun 88 p 2 


[Article by Aleksandr Nemov, special correspondent at 
Flight Control Center] 


[Excerpt] The Soviet-Bulgarian crew had to figure out 
what had become of a flexible magnetic disk on which a 
program for experiments called “Statokinetika” and 
“Labirint™ was recorded. These studies were to help 
scientists evaluate more precisely effects of weightiess- 
ness on the human vestibular apparatus and motor 


ment and Use of Space Technology for the Economy and 
Scientific Research. “A Soviet-Afghan crew will be 
launched in August. ‘Labirint’ and ‘Statokinetika’ will 
thus be included in their research program. 


“The ‘Mir’ station's orbit lies below the Earth's radiation 


Manned Mission Highlights 


Mars is now being discussed seriously. The experiment 
*‘Doza-B’ which was conducted during the international 
mission will help to study effects of radiation on various 
biological structures (the blood, etc.)." 


Candidate of Medical Sciences O. Anashkin, head of the 


“One of the crew said jokingly that their state of health 
was the result of an excellent selection of foodstuffs for 
the guests. There is a grain of truth in this; yogurt (a 
fermented-milk product) with oatmeal, wild-rose yogurt, 
melons, peaches and apples were included in their 
dietary rations.” 


“And V. Titov and M. Manarov, the primary crew—how 
are they doing? After all, they have been in orbit for half 


a year.” 


“They are carrying out all recommendations of medical 

carefully, including physical exercises twice a 
day—one hour on the stationary bicycle and one on the 
running track. 


“We think that no particular deviations have occurred in 
the crew. The commander's shin volume has decreased 
by 16 percent and the flight engineer's by 18 percent. 
Whereas V. Titov has become 1.6 kilograms thinner, M. 
Manarov has put on 2.7 kilograms.” 


FTD/SNAP 


Soviet-Afghan Mission to ‘Mir’ Station 


Launch of Soviet-Afghan Crew in ‘Soyuz TM-6’ 
1866005S5a Moscow PRAVDA in Russian 30 Aug 88 p I 


[TASS Report) 


[Text] The spaceship “Soyuz TM-6" was launched from 
the Soviet Union on 29 August 1988, at 0823 hours: 
Moscow time. 


The spaceship is manned by an international crew: 
pilot-cosmonaut of the USSR Viadimir Lyakhov, twice 
Hero of the Soviet Union and the commander, physi- 
cian-researcher Valeriy Polyakov; and cosmonaut-re- 
searcher Abdul Ahad Mohmand, a citizen of the Repub- 


lic of Afghanistan. 


The program of the space mission calls for the “Soyuz 
TM-6” ship to dock with the manned complex “Mir” 
and for joint scientific research and experiments to be 
conducted on board the complex with cosmonauts Via- 
dimir Titov and Musa Manarov, who have been working 
in near-Earth orbit since 21 December 1987. 
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The Soviet-Afghan space mission is being carried out in 
line with an agreement between the governments of the 
Union of Soviet Socialist Republics and the Republic of 


Afghanistan. 


According to telemetry information, the onboard sys- 
tems of the spaceship “Soyur TM-6" are functioning 


ee re 
ing well. 


Biosketches of Cosmonauts Lyakhov, Polyakov, 
186600556 Moscow PRAVDA in Russian 30 Aug 88 p 1 


[Text] Pilot-cosmonaut of the USSR Viadimir Afanasye- 
vich Lyakhov, twice Hero of the Soviet Union, was born 
mene 1941, in the city of Antratsit, Voroshilovgrad 


After graduating from the Kharkov Higher Military 
Aviation School for Pilots imeni Gritsevets in 1964, he 
served in the Air Force. He has the qualifications “Mil- 
itary Pilot Ist Class” and “Test-Pilot 3rd Class.” 


V.A_Lyakhov has been a member of the Communist 
Party of the Soviet Union since 1963. 


Viadimir Afanasyevich was enrolled in the cosmonaut 
contingent in 1967. 


In 1975, without leaving his work at the Cosmonaut 
Training Center, V.A. Lyakhov graduated from the Air 
Force Academy imeni Gagarin. 


Viadimir Afanasyevich has carried out two space mis- 
sions. The first, which lasted 175 days, was made in 1979 
on the spaceship “Soyuz-32" and the orbiting station 
“Salyut-6,” and the second, which lasted 150 days, was 
made in 1983 on the spaceship “Soyuz T-9" and the 
orbiting station “Salyut-7." The qualification “Cos- 
monaut 2nd Class” has been conferred upon him. 


Valeriy Viadimirovich Polyakov was born in Tula on 27 
April 1942. 


He graduated from Moscow Medical Institute No. | 
imeni Sechenov in 1965. He subsequently worked at 
various scientific research institutes and organizations. 
He proved himself to be a competent and erudite spe- 
cialist in the field of space medicine. He took part 
repeatedly in medical support of manned missions on 


“Soyuz” spaceships and “Salyut™ orbiting stations. He is 
a candidate of medical sciences. 


V.V. Polyakov has been a member of the Communist 
Party of the Soviet Union since 1970. 


Manned Mission Highlights 


V.V. Polyakov has been employed at the Institute of 
Medical-Biological Problems of the USSR Ministry of 
Health since October of 1971. 


Valeriy Viadimirovich began to train for space flights in 
1972. He has passed a complete course of trai for 
flights on “Soyuz TM” spaceships and the 

station “Mir,” in the capacity of a physician-researcher. 


Abdul Ahad Mohmand, a citizen of the Republic of 
Afghanistan, was born on | January 1959, in Sarda 
settlement, Shangar District, Ghazni Province. He is a 
Pashtoon by nationality. 


After completing school, he enrolled in the Kabul Poly- 
technical Institute in 1976. 


He was inducted into the army in 1978 and sent to the 
Soviet Union to receive a military education. After 
graduating from a military school for pilots, he served in 
Afghanistan's air force. 


He continued his flight service after graduating from an 
air force academy in 1987. 


In February of 1988, Abdul Ahad Mohmand began to 
train at the Cosmonaut Training Center imeni Gagarin 
for a joint tag Mig mission. He has passed a 
course of training for flights on “Soyuz TM” spaceships 
and the orbiting complex “Mir.” 


Crew's Resource, Medical Research Plans 
18660055¢ Moscow PRAVDA in Russian 
30 Aug 88 pp i, 3 


[Article by A. Pokrovskiy] 


[Abstract] The article recounts meetings with Soviet and 
Afghan cosmonauts who had been training for the next 
international mission on board the orbiting complex 
“Mir.” The meetings took place after a state commission 
had selected Viadimir Afanasyevich Lyakhov, Abdul 
Ahad Mohmand and Candidate of Medical Sciences 
Valeriy Viadimirovich Polyakov as the members of the 
primary crew for this mission. 


Lyakhov mentioned that one of the Afghan trainces, 
Mohammad Dauran Gulyan Masum, had undergone an 
appendicitis operation during training. Although Lyak- 
hov considered both of the Afghans equally fit for the 
upcoming mission, he thought that this event may have 
influenced the state commission's selection of Mohmand 
over Dauran as the Afghan member of the primary crew. 


The Soviet-Afghan crew's planned research on board 
“Mir” is said to include work in line with a program 
called “Shamshad”™ (lotus) for study of natural resources 
of Afghanistan. This program is characterized as a nat- 
ural continuation of the “Shipka” program which was 
conducted during the recent stay of a Soviet-Bulgarian 
crew on board “Mir.” Soviet and Bulgarian instruments 
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One distinctive feature of medical-biological experi- 

ments which will be conducted Ei cuetie ies 
mission is that a physician-researcher will take part 
directly in them. 


After the program of joint research is completed, Viadi- 
mir Lyakhov and Abdul Ahad Mohmand will return to 
Earth in the spaceship “Soyuz TM-5", and Viadimir 
Titov, Musa Manarov and Valeriy Polyakov will con- 
tinue to work in near-Earth orbit. 


According to results of radio conversations with the 
crew, the cosmonauts are feeling well. ¥ 


The onboard systems and scientific equipment of the 
manned complex “Mir” are functioning normally. 


Comments on C Docking Procedure of 
™-6’ 


18660055@ Moscow KRASNAYA ZVEZDA in Russian 
1 Sep 88 p 3 


[Article by Lt. Col. V. Baberdin, Flight Control Center] 


[Text] All cosmonauts who are not busy and off-duty 
shift specialists who support flights usually gather at the 
Flight Control Center (TsUP) during a docking. 


“The commander and flight engineer of a spaceship's 
crew used to experience tremendous physical and psy- 
chological stress when we began a docking operation,” 
recalled Georgiy Grechko, pilot-cosmonaut of the USSR. 
“Everything is different now. The commander alone 
monitors instruments for docking, he has a personal 
computer which enables him to make the necessary 
corrections. The flight engineer and researcher play 
essentially the roles of passengers of the spaceship.” 


“The two-day routine for rendezvousing spacecraft 
which is currently accepted makes it possible to dock 
them at different positions in orbit,” related Professor, 
Doctor of Technical Sciences V. Pochukayev, deputy 
flight director for ballistic support. “Stored in the 
onboard computer of ‘Soyuz TM-6' is a gravitational 
model of the Earth—a system of differential equations 
with an enormous number of constants. Navigational 
mathematical filters ensure that the necessary com- 
mands pass and work is done in a completely automatic 
mode. 


“Soyuz TM-6" and the “Mir” station were fairly distant 
from each other on 29 August, after the spaceship was 
launched. During the next two days, two powerful and 
prolonged pulses were executed, and the ship ascended 
sharply. Its orbit parameters were: maximum altitude— 
348 kilometers; minimum altitude—315 kilometers; 
period of revolution—91 minutes. The automatic system 
“Kurs” went into operation when the distance between 
the spacecraft had decreased to 40 kilometers. With the 


Manned Mission Highlights 


aid of powered gyroscope-gyrodynes, the “Mir” complex 
was then stabilized in a position that would ensure good 
illumination of the docking target by the sun. 


Over the loudspeaker, we hard the spaceship’s crew 
report “400 meters.” “Soyuz TM-6" began to fly around 
“Mir.” It then hovered at a distance of 150 meters from 
the station, opposite the station's mechanism, 
while specialists of TsUP evaluated the condition of the 
ship's onboard systems by means of telemetry. Permis- 
sion was given to dock. 


Cosmonauts Resource Observations, 
Begin 
18660055h Moscow PRAVDA in Russian 2 Sep 88 p I 


[TASS Report] 


[Text] Flight Control Center, | September. The Soviet- 
Afghan crew's second day of work on board the “Mir” 
complex began at 0900 hours Moscow time, and will last 
until midnight. 


Research in line with a program of experiments called 
“Shamshad”™ har been allotted « substantial place in the 
joint mission. These experiments include visual obser- 
vations and photographing of territory of the Republic of 
Afghanistan. The cosmonauts are ing this work 
with the aid of the stationary camera KATE-140, hand- 
held cameras, and the MKS-M and 
“Spektr-256." Information that is obtained will be used 
in the interests of many branches of science and the 
country's economy—for prospecting oil, gas, other min- 
eral resources and underground reserves of water, for 
example. 


Further study of features of the human organism's adap- 
tation to conditions of space flight is an important 
direction of the Soviet-Afghan research program. For 
this purpose, Vladimir Lyakhov, Valeriy Polyakov and 
Abdul Ahad Mohmand are performing a set of medical 
experiments in the course of which the cosmonauts’ 
working fitness is studied and the effectiveness of means 
of preventing adverse effects of weightlessness is evalu- 
ated. 


A series of biological experiments has begun which is 
aimed in particular at studying features of protein and 
calcium metabolism in higher plants and evaluating the 
stability of a complex ecological system, using aquarium 
fish and chiorella as an example. 


Viadimir Titov and Musa Manarov began an experiment 
in the “Aynur™ unit yesterday. The purpose of this 
experiment is to perfect a process for obtaining single 
crystals of protein preparations in conditions of 
extremely small gravitation. Today the cosmonauts will 
purify a consignment of interferon electrophoretically 
and made a number of measurements for the purpose of 
determining optical characteristics of the Earth's atmo- 
sphere. 








JPRS-USP-89-004 
16 February 1989 


In the course of the day, the cosmonauts are to exchange 
individual items of gear in the transport spaceships, 
since Vladimir Lyakhov and Abdul Ahad Mohmand will 
return to Earth in “Soyuz TM-5.” 


According to evaluations made by cosmonaut-researcher 
Valeriy Polyakov, all five of the cosmonauts are healthy 
and feeling well. 


Cosmonaut Mohmand Performs Adaptation 
18660055i Moscow PRAVDA in Russian 2 Sep 88 p 8 


Article by A. Tarasov, special correspondent at the 
ight Control Center] 


{Excerpt} One fact of interest is that Abdul Ahad Moh- 
mand has to do not only work of his own but also work 
for his Bulgarian colleague Aleksandr Aleksandrov on 
board the “Mir” station, since disks for the computer 
“Zora” were delivered to the station this time. Such 
disks were lost in transit at the time of the previous 
visiting expedition. With sensors attached to points next 
to his eyes and wearing a cap pressing down on his hair, 
Mohmand watches a screen, following the red dashes of 
signals and letting instruments pick up and record move- 
ments of eyeballs and periocular muscles, biocurrents of 
the brain, and cardiac activity. Vestibulovisual interac- 
tion during the acute period of adaptation is a problem 
of space medicine that is still difficult to solve. 


Of the whole range of tasks in the “Shamshad”™ program, 
Mohmand of course prefers those involving study of 
natural resources of Afghanistan. 


The KATE-140 camera carries the main workload in this 
program. Its black-and-white photographs of sections of 
the Earth's surface 450 x 450 kilometers in size yield a 
spatial resolution as high as 50 meters. This camera will 
be aided by hand-held motion-picture and still cameras 
and by visual mapping. 


Cosmonauts Perform Geophysical, 
18660055; Moscow PRAVDA in Russian 3 Sep 88 p ! 
[TASS Report] 


[Text] Flight Control Center, 2 September. Cosmonauts 
Viadimir Titov, Musa Manarov, Viadimir Lyakhov, 
Valeriy Polyakov and Abdul Ahad Mohmand are con- 
tinuing their joint work in near-Earth orbit. 
Today's agenda calls for medical-biological and biotech- 
nology experiments and geophysical studies. 


As usual, the newly arrived crew is performing a consid- 
erable number of space medical experiments during the 
first days of its stay on board the complex. The main 
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opment of cultures of animal and plant cells in condi- 
tions of space flight are continuing in specialized con- 
stant-temperature units. 


A period of television communication between Kabul 
and the orbiting complex “Mir™ took place today. While 
it was in progress, Republic of Afghanistan president 
Najibullah, general secretary of the Central Committee 
of the People’s Democratic Party of Afghanistan, greeted 
the international crew warmly and wished the cosmo- 
nauts a successful performance of their mission program. 


Titov, Manarov, Lyakhov, Polyakov and Mohmand are 
feeling well, and their morale is good. 


ee 


ete: ~ see 
‘Mir’ 


18660055k Moscow IZVESTIYA in Russian 
3 Sep 88 pi 


[Article by B. Konovalov, special correspondent at the 
Flight Control Center] 


[Excerpt] One of physician-researcher V. Polyakov's 
main tasks is to study in detail how the human organism 
readjusts itself in new conditions. 


An extensive program of medical-biological experiments 
is being conducted under his unremitting supervision 
and with the active participation of the Soviet-Afghan 
crew. It could justly be called an Afghan-Bulgarian- 
Soviet program. The visiting crew is carrying out every 
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experiment 
this experiment is to study interaction between the 
human vestibular apparatus and visual system in condi- 
tions of space flight. 

Viadimir Titov and Musa Manarov have performed a 
series of experiments for further study of physics of the 
Earth's atmosphere, using apparatus called “Bosra” 


“A scientific equipment-complex, ‘Zora," which was 
built in Bulgaria, is used in this experiment. The move- 
ment of human eyeballs, biocurrents of the brain, and 
cardiac activity are studied with the aid of special 
pickups. Data which is obtained is fed into the memory 
of a computer and recorded on magnetic disks. After 
returning to Earth, the cosmonauts will again undergo 
examinations whose results will be compared with those 
obtained in orbit. This will make it possible to judge how 
weightlessness affects errors of vision, sense organs, etc. 


“These observations will help to broaden our notions of 
effects which space factors of flight produce on human 
beings, which will certainly be an aid to scientists in 
preparing more prolonged expeditions.” 
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spaceship's braking engine was fired on 7 September at 


Manned Mission Highlights 


The mission program of the international Soviet-Afghan 
crew has been completed. Viadimir Titov, Musa Mana- 
rov and Valeriy Polyakov are continuing their work in 
orbit. 


Joint studies and experiments which had been planned 
were carried out in their entirety by the Soviet and 
Afghan cosmonauts in the course of their six-day mission 
on board the manned complex “Mir.” 


Viadimir Titov, Musa Manarov, Viadimir Lyakhov, 
Valeriy Polyakov and Abdul Ahad Mohmand operated 
efficiently and harmoniously at every stage of their joint 
work. 


The Soviet-Afghan space mission which has been suc- 
cessfully completed in further evidence of friendly rela- 
tions between the peoples of the Soviet Union and 
Afghanistan. 


(A photograph is given showing cosmonauts Lyakhov 
and Mohmand in space suits and seated in chairs after 
the landing.) 


Computer Error Blamed for ‘Soyuz TM -S’ 
18660055r Moscow PRAVDA in Russian 8 Sep 88 p 1 


[Article by A. Tarasov, special correspondent at the 
Flight Control Center] 


[Extract] We are accustomed to shifting the blame for 
many troubles of spacecraft automatically to the under- 
handedness of space. But it does not pay to ignore the 
fact that equipment of our own making has played tricks 
on us there, as it docs on Earth. 


At a decisive moment, the onboard command-computer 
complex [of “Soyuz TM-5"] looked where it was not 
expected to—into a reserve register, i.c., a memory unit, 
in which a program that had already served its purpose 
was stored. It was an engine operation program which 
was intended for a previous operation of this spaceship: 
the stage of orbit correction which preceded the docking 
of the Soviet-Bulgarian crew. The complex suddenly 
began to operate according to this program instead of the 
scribed for it. 


Viktor Dmitriyevich Blagov, deputy flight director, told 
journalists: “In this case, the computer was placed in 
such a complicated situation that it slyly found a course 
which we had not stipulated for it. The first time the 
spaceship’s engine was fired, the computer made the 
correct choice in the proper storage register, but trouble 
occurred for another reason; automatic equipment cut 
off the engine because the ship was not reliably oriented. 
The onboard computer encountered a situation which 
was like nothing clse—a subtle set of events which was 
not in its program. Something illogical had happened, 
causing it to ‘snap up’ another command.” 
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Can people rely completely on electronics and automa- 
pgs = «agar sawn 2° os Asati ye pe se 7 
reserve of this equipment? Vladimir Lyakhov solved this 
problem, too; in a most critical and even stressful situa- 
tion for him and Ahad, he tried to put a program into 
operation on his own, outside the zone of contact with 
the Control Center. But he had to turn to the center for 
advice after all, since the computer was now ‘confused’ 
and had to be controlled precisely. In three brief periods 
of operation, the engine did not produce the pulse it was 
supposed tou. 


And although all of these matters were soon clarified, 
adjustments were made, the ‘s sources of 
power were quite sufficient and there were still 24 hours 
to spare, people had to keep putting needless thoughts 
out of their minds that night. 


One can well understand how tense ground personnel 
were [on the next day] as they followed the Soviet- 
Afghan crew out of the zone of communication before 
the braking pulse was applied. 


Shortly afterward, an ocean relay station on board the 
ship “Nevel” transmitted the message that the space- 


Lyakhov himself soon announced this in tones which 
were unusually cheerful and ringing. 


“Congratulations!,” came the reply from the Control 
Center, as people there caught their breath; this meant 
that the cosmonauts would land. 


Search and Recovery in ‘Soyuz TM-S’ 


18660055s Moscow KOMSOMOLSKAYA PRAVDA 
in Russian 8 Sep 88 p 1 


General-Major K. Subbotin, one of the heads of the 
search and rescue service, mentioned that personnel 

over a vast territory stretching from 
Arkalyk to Semipalatinsk and Balkhash. A three- 
level system had been organized for continuous tracking 
of ip’s reentry vehicle during 


f 
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the spacecraft's braking engine, relating: “I was in com- 
plete control of the situation and could have landed the 
spacecraft yesterday, but the possibility of landing in a 
thickly populated area could not b- ruled out. It was 
decided not to take such a riv«. Today everything pro- 
ceeded according to the regular schedule. 


Performance of Cosmonauts Lyakhov and 
Mohmand Praised 
186600551 Moscow PRAVDA in Russian 15 Sep 88 p 6 


[Article by V. Gubarev] 


[Excerpt] Vladimir Lyakhov and Abdul Ahad Mohmand 
have returned to Star City. 


The Soviet-Afghan space expedition is now history. 


In Australia, Europe, America and Africa, the events [of 
Lyakhov's and Mohmand's flight] have been related in 
detail but, unfortunately, not always objectively. Some 
journalists have attempted to cast aspersions on the 
crew's actions, particularly those of commander Lyak- 
hov. 


All details of these events, the first of their kind to occur 
in orbit, will be carefully studied by a competent com- 
mission, of course. The cosmonauts did not rehearse 
such a situation even during their training exercises. But 
it is not clear that their ship's onboard computer needed 
more careful supervision and control. That a portion of 
a program was ‘left’ in this computer and that its 
monitoring from Earth was faulty cannot be doubted. 


“We had only an emergency supply of water and food, 
but we decided not to touch it, since all of it might be 
needed after landing,” related V. Lyakhov. “The most 
unpleasant thing was that we were almost completely 
immobilized in a double-up position. We unfastened 
ourselves from our seats for only a few seconds in order 
to stretch our muscles and relax a little.” 


V. Lyakhov and A. Mohmand passed their rigorous test 
in space with honors. 
FTD/SNAP 


Cosmonaut EVA to Replace Unit of ‘Kvant’ 
Telescope 


Cosmonauts Begin for EVA to 
Repair ‘Kvant’ Module Telescope 
18660056a Moscow PRAVDA in Russian 7 Oct 88 p 1 
[TASS Report} 


[Text] Flight Control Center, 6 October. The space 
mission of Viadimir Titov, Musa Manarov and Valeriy 
Polyakov on board the orbiting complex “Mir” is con- 
tinuing. 
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The crew's work plan today calls for geophysical and 
medical research and routine maintenance of individual 
onboard systems of the complex. 


Several periods of observations of the supernova in the 
Large Magellanic Cloud and of an x-ray pulsar in the 
constellation Hercules are planned in line with the 
- vam a program of astrophysical experiments 
“Rentgen.” 


Preparations for an egress into open space have begun, 
The cosmonauts are to continue work on replacing a 
detector unit of one of the x-ray telescopes installed on 
the outer surface of the “Kvant” module. The cargo 
spaceship “Progress-38" delivered additional tools and 
equipment to the orbiting complex for the purpose of 
completing the planned operations. 


According to results of medical monitoring, the condi- 
tion of Vladimir Titov’s, Musa Manarov’s and Valeriy 
Polyakov’s health is good. 


The flight is proceeding normally. 


Final Preparations for Cosmonaut EVA 
18660056b Moscow PRAVDA in Russian 19 Oct 88 p 1 


{TASS Report] 


[Text] Flight Control Center, 18 October. Vladimir 
Titov, Musa Manarov and Valeriy Polyakov are continu- 
ing to carry out planned work on board the scientific 
research complex “Mir.” 


A series of observations of an x-ray pulsar in the Small 
Magellanic Cloud has been conducted within the frame- 
work of the international program of astrophysical 
experiments “Rentgen.” 


The crew is completing preparations for an egress into 
open space. Work which Viadimir Titov and Musa 
Manarov will perform on the outer surface of the station 
will begin on the morning of 20 October. Physician- 
researcher Valeriy Polyakov will monitor the fu.ction- 
ing of onboard systems of the base block and the condi- 
tion of the commander’s and flight engineer's health 
from inside the complex. 


The flight of the manned complex is proceeding in accor- 
dance with the designated schedule. The condition of the 
cosmonauts’ health is good, and they are feeling well. 


Manned Mission Highlights 
Cosmonauts Replace Detector Unit in 
‘Kvant’ T: 
18660056c Moscow PRAVDA in Russian 21 Oct 88 p | 
[TASS Report] 


[Excerpt] Flight Control Center, 20 October. Cosmo- 
nauts Vladimir Titov and Musa Manarov have made an 
egress into open space. The main purpose of this egress 
was to replace a detector unit in one of the x-ray 
telescopes of the astrophysical module “Kvant.” This 
unit was developed jointly by specialists of the Nether- 
lands and Great Britain. 


A stage of training preceded the execution of these 
complex installation operations. During this stage, the 
cosmonauts studied plans and specifications for install- 
ing the new instrument, and they and specialists of the 
Flight Control Center jointly determined a procedure for 
operations on the outer surface of the orbiting complex. 
In support of work on replacing the detector unit, new 
tools were delivered to the manned complex by the cargo 


spaceship “Progress-38.”’ 


Today Vladimir Titov and Musa Manarov opened an 
outer hatch and went out of the station at 0959 hours, 
Moscow time. 


The work on replacing the detector unit was carried out 
in several stages. The cosmonauts removed thermal- 
insulating covering and freed the instrument from its 
fastening devices. They then installed a new detector 
unit in place of the dismounted one, connected electric 
cables to it and restored thermal-insulating covering of 
the module’s outer casing. 


The new detector : whose characteristics are 
improved, was installed .. line with a joint decision of 
specialists of the Soviet Union, the Netherlands and 
Great Britain. The unit will make it possible to lengthen 
the time that the telescope is in operation. 


New Spacesuits hae 7 4 Cosmonauts During 


18660056d Moscow KRASNAYA ZVEZDA in Russian 
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{Article by Lieutenant Colonel Baberdin] 


[Abstract] The article gives an account of operations 
which cosmonauts Vladimir Titov and Musa Manarov 
performed during their most recent egress from the 
orbiting complex “Mir.”’ The main purpose of this egress 
was to replace a detector unit of one of the complex’s 
radio telescopes. 


It is recalled that a similar operation which Titov and 
Manarov attempted last summer failed because the 
cosmonauts were unable to open the lock of a band 
which fastens the detector unit to the telescope. A more 
extensive set of equipment was developed for the next 
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In particular, the cosmonauts received ma or 
training exercises, including a mock-up of the section of 


sible versions of opening the band were devised. They 
two- 


ranged from « simple version employing a 
ended screwdriver and a screw jack to 


lands and tested in extreme conditions. 


M. Balashov, an engineer in charge of testing space 
garments, commented on features of new space suits 
which the cosmonauts tested during the latest egress. The 
principal merit of these suits, according to Balashov, is 
that they can be completely self-contained. Whereas 
space suits of earlier models are equipped with lines 
through which power is supplied and communications 
maintained with the wearer, the new suits can operate 
without such lines, he explained. A high-strength com- 
posite fabric that is softer and more elastic is employed 
in the new suits’ sleeves and legs, which can be removed 
for mending and replaced with others. Heavier-duty 
electric motors are installed in the suits’ ventilating 
systems. Fach suit is equipped with a medical unit for 
regulating the wearer's body temperature, making car- 
diograms and analyzing respiration. New gloves which 
were developed for the suits permit greater mobility of 
hand joints. 


New Tools Developed for Telescope Repair 
Operation 


18660056e Moscow SOTSIALISTICHESKAYA 
INDUSTRIYA in Russian 21 Oct 88 p ! 


[Article by G. Lomanov, Special correspondent at the 
Flight Control Center} 


[Abstract] The article records conversations with special- 
ists and Flight Control Center officials regarding work 
which cosmonauts Titov and Manarov did during their 
most recent egress from the orbiting complex “Mir.” 


A locked band must be removed from the detector unit 
of an x-ray telescope of the complex before the detector 
can be replaced, explained Oleg Semenovich Tsygankov, 
an engineer who has developed many implements for 
space installation work. One problem is that this unit is 
not designed for replacement in open space, and devices 
which fasten it to the telescope are difficult to reach. The 
failure of last summer's attempt to replace the detector 
meant that a whole set of special equipment would have 
to be prepared for unlocking the band, or loosening or 
breaking it if the lock could not be opened. Suitable tools 
would have to be designed and their fitness tested in 
simulated zero gravity. Seven different tools were even- 
tually built by engineers and delivered to the crew of 
“Mir,” Tsygankov related. Among these implements 
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were a screw-type puller similar to those which mechan- 
ics on Earth use for fitting bearings to shafts, a miniature 

cutter with a self-contained electric motor, and a 
drill for boring through pins which fasten segments of the 
band together. 


It is noted that the cosmonauts’ work in open space was 
scheduled to last for 5 hours and 10 minutes. Since the 
modernized spacesuits they wore are designed to operate 
safely for 6 hours at a time, Titov and Manarov had only 
a minimal time reserve if unforeseen problems arose. In 
addition to replacing the detector and testing the space 
suits, the cosmonauts had to install a short-wave radio 
antenna and a securing device called “Yakor” (anchor) 
on the outside of the orbiting complex, and (if time 
permitted) clean two windows of the “Kvant" module 
from which mooring of spaceships can be watched. The 
antenna is intended for amateur radio communication 
with “Mir,” and the securing device is intended for 
facilitating work in open space which a Soviet-French 
crew is scheduled to perform, explained deputy flight 
director V. Blagov. A brush made of soft copper was 
provided for cleaning the windows. Although the cosmo- 
nauts did not have time to do this properly, they opened 
the lock on the detector in a matter of minutes and 
carried out the rest of their program successfully, Blagov 
reported. 


Cosmonaut Polyakov's Position in ‘Soyuz TM-6’ 
Descent Craft as Precaution 
18660056f Moscow TRUD in Russian 21 Oct 88 p 2 


[Article by V. Golovachev, correspondent (Kaliningrad, 
Moscow Oblast)] 


[Abstract] The article gives an account of operations 
which the crew of the orbiting complex “Mir” carried 
out recently for the purpose of replacing a detector unit 
of one of the station's telescopes. 


The author notes that these operations in open space 
differed from earlier ones performed by three-man crews 
in that the cosmonaut-researcher did not remain inside 
the “Mir” station itself. This time, physician-researcher 
Valeriy Polyakov was stationed in the reentry vehicle of 
the transport spaceship “Soyuz TM-6" while the other 
two members of the crew—Viadimir Titov and Musa 
Manarov—were working on the outer surface of the 
complex. This was done for the purpose of maximizing 
the cosmonauts’ safety, it is explained. Very bulky 
objects had to be carried outside the station. They 
included not only the new detector unit, which is more 
than half a meter in diameter and has a mass of 50 
kilograms, but also a foot anchor, and a girder for 
installing this anchor on the outside of the station. Titov 
and Manarov had to exit through the adapicr module 
which connects the “Mir” station with “Soyuz TM-6.” 
The airtight hatches of both the nodule and the space- 
ship had to be opened in the process. 
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Today's program of work in orbit includes astrophysical 
and geophysical experiments and medical research. 


Study of flows of electrons and positrons and their travel 
in near-Earth space will be continued, using the magnetic 
spectrometer “Mariya.” 


Valeriy Polyakov will conduct a comprehensive exami- 
nation of the cardiovascular system in accordance with 
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The work in space is proceeding in line with the desig- 
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TASS Reviews Cosmonauts’ Year in Space 


He said that during the flight Viadimir Titov lost nearly 
three kilograms in weight, while Musa Manarov, on the 











JPRS-USP-89-004 
16 February 1989 


Night two years ago. However, this is not the highest 
figure because after several flights of less duration doc- 
tors observed a 25 per cent lessening of the volume of 
shin muscles, This was y due to the loss of intra- 
muscular fluid and not of muscular tissue. This also 
explains the rapid rehabilitation. 


Grigoryev said data on the state of bone tissues of the 
cosmonauts was still being processed. But preliminary 
results show that the lessening of calcium was not as 
significant as after several previous missions. Immedi- 
ately after their touch-<down, Viadimir Titov and Musa 
Manarov suffered from the minor — of vestibular 
functions, which passed quickly, and from traditional 
changes in the water-and-salt metabolism which showed 
in 5-6 per cent reduction of the content of potassium in 
the blood. 


Soviet specialists have worked out a whole programme 
of rehabilitation measures which includes jogging, swim- 
ming and exercising with a variety of equipment. Gri- 
goryev said that, from the fifth day after landing, Viadi- 
mir Titov and Musa Manarov walked three to four 
kilometers and swam 400-500 meters in the swimming 
pool. At this time they started intensive training of the 
muscles of the back, shin and thighs, for around one hour 
every day. 


In mid-January Viadimir Titov and Musa Manarov will 
go to Kislovodsk to rest, where alongside walking, swim- 
ming and physical exercises they will play games and 
take mountain walks. They should completely restore 
their pre-flight physical form on the 60th-70th day after 
the landing, by the end of February. 


“After this we will again study in detail the state of bone 
tissue and the metabolism,” Anatoliy Grigoryev said. 
“Medical control will also be exercised after this for a 
long time. We must be completely convinced that no 
unfavorable consequences were left by such a long 


flight.” 


News Conference on Year-Long Flight of Titov 
and Mararov 

LD1801175288 Moscow TASS in English 1301 GMT 
18 Jan 89 


[Text] During their year-long flight aboard the Mir 
orbital complex, Viadimir Titov and Musa Manarov 
held approximately 2,500 sessions of scientific experi- 
ments using | 50 various methods, a news conference was 
told here on Wednesday. A wide-ranging programme of 
logical and biotechnological experiments has been fully 
implemented. 
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“Our record-setting flight has underlined the reliability 


transport spacecraft ‘Soyuz 
cargo vehicles ‘Progren” said Viadimir Titov. “During 
our work in orbit we made three spacewalks. During the 
first one we installed a new section of solar batteries and 
during the others replaced a detector unit in one of the 
roentgen telescopes of the astrophysical modules 
‘Kvant’.” 


Speaking about the flight's scientific programme, Musa 
Manarov dwelled upon the observations, held from 
space in different seasons, of the more productive agri- 
cultural regions of the USSR. They will have great 
significance for raising the yield of agricultural crops. 
The pollution of the atmosphere and water reservoirs 
was also checked. Under the programme of biotechno- 
logical research samples of genetically engineered inter- 
feron with the high degree of refinement were obtained 
and experiments on separating blood erythrocytes into 
fractions held. 


During the flight Viadimir Titov and Musa Manarov 
played host to three international crews with the partic- 
ipation of Bulgarian, Afghan and French cosmonauts. 
The Soviet-French flight became the longest interna- 
tional expedition. Over 23 days of work on board the 
Soviet orbital complex, five Soviet and a French cosmo- 
naut carried out nine series of medico-biological and 
technological experiments. 


French research cosmonaut Jean-Loup Chretien noted 
that the spacewalk was the most difficult part of the 
scientific programme of the French-Soviect flight. During 
the flight he and Aleksander Volkov were to carry out the 
installation and deployment of large-size framework 
structures of carbon tubes. Because of the technical 
problems, the spacewalk took six hours instead of the 
planned four hours and 20 minutes. 


It was noted at the news conference that the record flight 
of Viedimir Titov and Musa Manarov could be impos- 
sible without the permanent medical control and strici 
fulfillment of the programme of preventing the impact of 
zero-gravity. After the flight the cosmonauts rapidly 
adapted themselves to earth conditions. “Analyzing the 
state of Titov and Manarov we came to the conclusion 
that there have been no qualitative changes in their 
organisms as compared with the cosmonauts who spent 
less time in space flights,” said Anatoliy Grigoryev, 
director of the Institute of Medico-Biological Problems 
of the USSR Health Ministry. “As of today there is no 
medical evidence to advise against longer flights.” 
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for Launch of Phobos Mission 
18660017a Moscow IZVESTIYA in Russian 
8 Jul 88 p 3 


[Article by A. Ivakhnov, correspondent] 


{Excerpt} July is the month for launching the new- 
generation Soviet automatic research stations “Phobos- 
1” and “Phobos-2” to the vicinity of the planet Mars. 


The “Phobos” stations are new spacecraft in the class of 
so-called highly intelligent space robots. 


Radio telescopes located in suburban Moscow, Yevpa- 
toriya, Ussuriysk and West Europe and on other conti- 
nents wil) receive messages which main units of the 
“Phobos” spacecraft will transmit from the automatic 
stations to Earth. 


And this is not all of the program. Long-term stations 
and a so-called “small mobile probe” will land on 
Phobos simultaneously. This probe will hop across the 
surface of Phobos and study soil at the points where it 
stops. 


Soon after that, the spacecraft themselves will shift into 
orbits of artificial Mars satellites and continue research 
of Phobos, Mars itself, the sun and interplanetary space. 
The “Phobos” stations’ mission will last a total of 460 
days. 


The “Phobos” has a powerful “Proton” launch rocket. 
Its dimensions are very impressive; its height without a 
payload is more than 44 meters, and its broadest section 
is about 7.5 meters in diameter. 


A large group of scientists from various countries is 
observing the launch at Baykonur. Many of these scien- 
tists took part in development of equipment for the 
“Vega” stations. 


Soviet scientists headed by Academician R. Sagdeyev, 
director of the USSR Academy of Sciences’ Institute of 
Space Research, became the initiators of the “Phobos” 
stations’ development. 


(A photograph of the “Phobos” station is given.) 
Scientific Carried by Phobos 


18660017b Moscow KRASNAYA ZVEZDA in Russian 
8 Jul 88 p 4 


[Article by V. Baberdin, colonel, correspondent at the 
Flight Control Center] 


[Abstract] The article reports on activities at the Fliy dt 
Control Center during the launch of the first of two 
unmanned interplanetary stations which are to be used 
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> 


in studies of the planet Mars and its satellite 
Representatives of the European Space Agency, 
garia, iiss ands Qatanianeaiies Gin tate Gk Gait 
the USSR in development of equipment for the 
“Phobos” project are quoted in regard to the project's 
history, and design features and equipment of the inter- 
planetary stations. 


: 


Adapting space laboratories to the conditions of differ- 
ent planets, comets and asteroids is one of the biggest 
problems which designers of such spacecraft have 
solved, according to R. Kremnev, director of the 
Research and Testing Center imeni Babakin and a 
laureate of the Lenin and USSR State prizes. If all of the 
equipment needed for approaching Phobos were 
installed, for example, on a “Venera” interplanetary 
station in addition to the station's most essential equip- 
ment, the weight of the spacecraft would exceed the 
maximum permissible weight by more than a ton. The 
design arrangement of the “Phobos” spacecraft is said to 
permit installation of additional research and auxiliary 
equipment or /1stallation of completely different sets of 
instruments in their upper hemispheres. 


The equipment carried by the “Phobos” stations 
includes a laser which Soviet specialists designed for 
studying the composition of Phobos’ soil. This unit wi!l 
be switched on 50 meters above the Martian satellite's 
surface and can be precisely adjusted for an altitude of 
30 centimeters, it is claimed. The laser gencrates a beam 
3-4 millimeters in diameter, and the power density in the 
spot of light where the beam strikes the eurface of 
Phobos will be more than 10 milliwatts. This is consid- 
ered sufficient to vaporize instantly dust coating the 
surface of Phobos. Bulgarian specialists are credited with 
developing a highly sensitive device called a “reflektron” 
for detecting particles of this vapor. It is planned to 
record approximately a million particles during a single 
series of measurements. The Bulgarian scientists foresee 
use of the “reflektron™ also in terrestrial conditions. The 
space version of this instrument is made of a special 
composite material which is said to reduce its weight by 
16 percent. 


A. Laplace of France's National Center for Space 
Research related that French scientists developed cight 
instruments for the “Phobos” project, including an ion 
source for probing the surface of Phobos from an altitude 
of 50-100 meters, and video cameras for photographing 
the satellite's surface. French scientists plan to take part 
also in solving problems of space navigation. A represen- 
tative of the European Space Agency mentioned that 
specialists of this agency developed instruments which 
the interplanetary stations carry for recording electro- 
magnetic waves and transits of particles with very high 
energies. ESA representatives will take part in calculat- 
ing the stations’ flight path. 
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18660017¢ Moscow SOTSIALISTICHESKAYA 
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{Excerpt} The first Soviet unmanned station “Phobos” 
has been launched to the planet Mars. 


“A laser beam and a powerful beam of ions from the 
station will strike the surface of Phobos,” related A. 
Galeyev, corresponding member of the USSR Academy 
of Sciences and deputy scientific director of the project. 
“Vaporized matter will reach the station and be analyzed 
by its instruments.” 


A most interesting program is planned. Each station is 
equipped with 20 instruments; the total weight of this 
scientific apparatus is more than half a ton. How much 
does such scientific curiosity cost nowadays? This ques- 
tion was heard at a press conference a few days before the 
launch. V. Balebanov, deputy director of the USSR 
Academy of Sciences’ Institute of Space Research, 
reported that development of the Soviet instruments had 
cost roughly 40 million rubles and that other countries 
which had prepared research equipment for the 
“Phobos” stations spent approximately the same 
amount in dollars. 


“To this must be added the cost of launching a station 
with a ‘Proton’ rocket—another 40 million rubles,” 
added R. Kremnev, director of the Research and Testing 
Center imeni Babakin. “According to estimates made by 
our center, expenditures for building a station itself are 
four to five times higher than expenditures for launching 
it. In short, the flight of cach ‘Phobos’ costs approxi- 
mately 300 million rubles.” 


Phobos-1 


Launched on 7 July 
18660017d Moscow PRAVDA in Russian 9 Jul 88 p 1 


[TASS Report] 


(Text) In line with the program of research of outer space 
and of planets of the solar system, an unmanned inter- 
planetary station, “Phobos-!,” was launched from the 
Soviet Union on 7 July 1988. A four-stage “Proton” 
launch rocket placed this station, which has a mass of 
6,220 kilograms, into a trajectory for a flight to the 
planet Mars. 


The international project “Phobos” calls for two inter- 
planetary stations to be launched to Mars for the purpose 
of conducting research of this planet, its satellite Phobos, 
the sun and interplanetary space. 


These stations, which are unmanned spacecraft of a new 
generation, were developed at the Research and Testing 
Center imeni Babakin of the USSR Main Administra- 
tion for Development and Use of Space Technology for 
the Economy and Scientific Research (Glavkosmos), 
with the participation of many of the country's design 
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and industrial enterprises. Together with Soviet scien- 
tists, specialists of Austria, Bulgaria, the Hungarian 
People’s Republic, the German Democratic Republic, 
ireland, Poland, Finland, France, the Federal Republic 
of Germany, Czechoslovakia, Switzerland, Sweden and 
the European Space Agency took part in drafting the 
research program of the “Phobos” project and develop- 
ing a set of scientific apparatus and equipment for it. 


The unmanned station “Phobos-1" will reach the vicin- 
ity of the planet late in January of 1989 and conduct 
remote studies of its surface and atmosphere from the 
orbit of a satellite of Mars. The station's approach to 
Phobos will be accomplished by means of independent 
onboard navigational measurements of parameters of 
the motion of the station and Phobos in relation to each 
other. 


For the purpose of studying Phobos comprehensively, 
plans call for the station to fly by Phobos at a distance of 
several tens of meters from its surface. During this 
period, it is proposed to study the element and isotopic 
condition of soil on the surface of this celestial body by 
means of laser and ion probing, for the first time in the 


history of planetary experiments. 


An independent lander probe will separate from the 
station during its approach to Phobos. This probe will 
conduct scientific experiments and take television pic- 
tures of the Martian satellite's surface at the place of 
landing. The lander probe's program of scientific work 
calls for prolonged observaticas of th: prot: to be made 
with the aid of a system of ground radio telescopes of the 
USSR and the United States and an international radio- 
astronomy network. 


Control of the unmanned interplanetary stations is being 
accomplished by the Flight Control Center of USSR 
Glavkosmos in suburban Moscow and the Space Tele- 
communications Center in Yevpatoriya. 


Scientific information received from the station will be 
processed at the Flight Control Center, the Space Tele- 
communications Center, the USSR Academy of Sci- 
ences’ Institute of Space Research, and other Soviet and 
foreign research centers that are taking part in the 
international project “Phobos.” 


According to telemetry information, the “Phobos” sta- 
tion's onboard systems and scientific apparatus are func- 
tioning normally. 


The launch of the automatic station “Phobos-2” is 
planned for 12 July 1988. 
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[Article by Lt Col V. Baberdin) 


[Excerpt] The station “Phobos-1" had begun its trip. 
Transmission of telemetry information from the space- 
craft to the Flight Control Center via telemetry channels 
was proceeding in good order. It was now the turn of 
“Phobos-2.” 


The plan for placing it into its flight trajectory was the 
same. The station would first go into the orbit of an 
artificial Earth satellite with the parameters: maximum 
altitude—1 80-190 kilometers; minimum altitude—just 
over 140 kilometers; period of revolution—about 1.5 
hours. Three stages of a “Proton” launch rocket are used 
to place it into this orbit. The fourth or boost stage, 
which is intended for the intermediate launch of the 

from its near-Earth orbit, would take place 
about 75 minutes after the spacecraft left its launching 
pad at Baykonur. The fourth stage of the “ Proton” would 
operate for 539 seconds, it would then separate, and the 
independent engine of the “Phobos-2” interplanetary 
station itself would be fired. After that, “Phobos-2" 
would move by inertia, subject to the laws of celestial 
mechanics. An initial maneuver was scheduled to take 
place 7 to 10 days after the launch, and two other course 
corrections would be executed during the approach to 
Mars. 


Phobos Mission Control Located in New Building 
at Flight Control Center 

18660017f Moscow MOSKOVSKAYA PRAVDA 

in Russian 13 Jul 88 p I 


[Article by V. Ovcharov, special correspondent at the 
Flight Control Center} 


[Excerpt] The “Phobos-1" interplanetary station's back- 
up, “Phobos-2,” has gone into a near-Earth orbit, follow- 
ing the space path that the first station took on 7 July. 
Following acceleration, “Phobos-2” will set out over an 
Earth-to-Mars route and shoot into space al escape 
velocity, a million kilometers behind the first station. 


All of one’s surroundings still appear unusual inside a 
new Flight Control Center (TsUP) building that has just 
been completed. 


One new room is intended for controlling promising 

_ related V. Udaloy, deputy head of TsUP. 

This room is outfitted with the most modern computer 

technology, equipment for displaying diverse kinds of 

information, and modern control consoles for operators. 

It is equipped in particular for color signaling, if any 

of a spacecraft deviate from the norm, this 

will immediately catch the attention of specialists on 
duty. 
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V. Kovtunenko, corresponding member of the USSR 
Academy of Sciences and scientific director of the 
Research and Testing Center imeni Babakin, noted that 
a wealth of experience acquired in recent decades during 
development of Soviet interplanetary stations is concen- 
trated in the “Phobos” spacecraft. In particular, a new 
engine was developed for them whose performance is 
superior to that of similar spacecraft which were used 
previously. A “Phobos” station's control complex, which 
includes a modern onboard computer, combines func- 
tions of three systems: control, orientation, and elec- 
tronic automation. It cost the developers of this complex 
quite a bit of effort to develop software and algorithms 
for it and debug them with the aid of models and testing 
units. Especially complex problems had to be solved in 
connection with future astronavigational measurements 
of Phobos, with braking the stations and correcting their 
flight paths, and with the stations’ approach to Phobos 
and hovering over it. 


The “Phobos” spacecraft will receive help from Earth 
only during the initial stage of their operations near 
Phobos. After that, all of their operations will be con- 
trolled by their onboard computers, which are to analyze 
incoming information routinely and issue all necessary 
commands. 


Phobos-2 Launched on 12 July 
18660017¢ Moscow PRAVDA in Russian 14 Jul 88 p 1 


[TASS Report] 


[Text] An unmanned interplanetary station, “Phobos- 
2.” was launched from the Soviet Union on 12 July 
1988, with the aid of a four-stage “Proton” rocket. 


As has been reported, the flight program of the two 
Soviet interplanetary stations, which were developed in 
line with the “Phobos” project, calls for research of the 
planet Mars, its satellite, interplanetary space and the 
sun. 


The first station was placed into a trajectory for a flight 
to Mars on 7 July 1988. The two stations are largely 
similar in terms of design and the purposes for which 
they are intended, but the second station, unlike the first, 
carries two lander probes for research of Phobos. One of 
these probes, like that of the first station, is intended for 
conducting research and taking television pictures at the 
place of landing. A device of the second probe will enable 
it to make hopping movements for the purpose of 
obtaining data on characteristics of Phobos’ surface at 
different points on the surface. 


The launch of the two interplanetary stations will make 
it possible to carry out independent comprehensive 
studies of Phobos and will heighten, on the whole, the 
probability of carrying out the complex scientific-tech- 
nical program. 
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Both stations will reach the vicinity of the planet Mars 
late in January of next year. The stations’ flight paths are 


Flight tests of new-generation unmanned spacecraft have 
= the launching of the stations “Phobos-1" and 
ns 2” from the Soviet Union. These stations were 
developed at the Research and Testing Center imeni 
Babakin of the USSR Main Administration for Devel- 
for the Economy 


amassed by Soviet cosmonautics in the course of flights 
to the Moon, the planets Venus and Mars, and Halley's 
Comet. Stations of the “Phobos” type will be used as 
basic unmanned spacecraft in research of planets of the 
solar system, including implementation of a Mars pro- 
opens up broad Prospects for further 


Telescope of Sanglok Observatory To Track Mars 
and Phobos 
18660017h Moscow PRAVDA in Russian 14 Jul 88 p 3 


[Text] Astrophysicists of the Tadzhik SSR are taking an 
active part in a program of terrestrial research of the 
planet Mars and its satellite Phobos while the flight of 
spacecraft in line with the “Phobos” program is in 
progress. It is proposed to obtain more precise data on 
the positions of Mars and its satellite for the purpose of 


(A photograph of the telescope is given.) 
FTD/SNAP 


Radic Contact Lest With ‘Phobos-1’ — -acecraft 
18660026 Moscow PRAVDA in Russian 10 Sep 88 p ! 


[TASS Report] 


(Text) Flight Control Center, 9 September. The flight of 
the unmanned interplanetary stations “Phobos-1" and 
“Phobos-2” toward the planet Mars is continuing. 


During the two months which have passed since the 
launch, 75 periods of radio communication with these 
spacecraft have been conducted, during which parame- 
ters of their flight paths have been measured and the 
functioning of onboard systems and research equipment 
has been monitored. 


On September 2, the regular period of radio communi- 
cation with the station “Phobos-1" did not take place as 
planned. The distance of this station from Earth was 17 
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million kilometers at the time. A control group is ana- 
lyzing possible reasons for this lack of communication 
and taking measures to restore it. 


The station “Phobos-2" is continuing to move in a pe 
which is close to the calculated one. Its distance 
Earth was 19 million kilometers on 9 September. 
According to data, the onboard systems and 
scientific equipment of the “Phobos-2" station are func- 
tioning normally. 


During the stations’ flight over the Earth-to-Mars route, 
data on physical processes occurring on the Sun and in 
interplanetary space have been obtained with the aid of 
instruments installed on the stations. Specialists of the 
European Space Agency and countries which are partic- 
ipants of the project are taking part jointly with Soviet 
— in processing and analyzing scientific informa- 
tion. 


FTD/SNAP 


Attempts to Restore Contact With ‘Phobos-1’ 
18660027 Moscow PRAVDA in Russian 4 Nov 88 p I 


{TASS Report] 


[Text] Flight Control Center, 3 November. Work on 
carrying out the international project “Phobos” is con- 
tinuing. 


The sun and interplanetary space were studied in the 
course of 39 periods of communications which were 
conducted with the station “Phobos-1" in July-August. 
More than 140 x-ray images of the sun were obtained 
from this station with the aid of a telescope-coronagraph 
called “Terek”, which was developed by specialists of the 
USSR and the Czechoslovak Socialist Republic. These 
images contain unique information on the structure and 
dynamics of active regions in the sun's atmosphere. 


As has been reported, the regular period of radio com- 
munication with the “Phobos-!" station did not take 
place on September 2, as planned. Attempts to resume 
communications which the control group continued for a 
month and a half yielded no results. Work on restoring 
radio contact with the station has now been discontin- 
ued. 


Plasma processes in outer space are being studied along 
the route of the Earth-to-Mars flight with the aid of 
research equipment installed on the unmanned station 
“Phobos-2". New data have been obtained on 

ters of interplanetary magnetic fields, the solar wind and 
plasma waves. A large number of solar flare-ups and 
space x-ray and gamma bursts were recorded from this 
station during the period from July to October. 
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Test activations of television equipment are being con- 
ducted in the course of the t. On October 10, a 
video-spectrometry apparatus called “Fregat” was cali- 
brated during a period of observation of the star 
Canopus. 


ter on board the station which emits radio waves 18 
centimeters long was switched on at the specified time 
for this purpose. Radar detection and ranging of the 
planet Mars from Earth has been conducted during the 
same period, for the purpose of ascertaining parameters 
of Mars’ movement more precisely. 


Continuing its movement along the calculated flight 
path, the “Phobos-2” station has reached a distance of 
60 million kilometers from Earth as of November 3. 
According to telemetry data, the station's onboard sys- 
tems and research equipment are functioning normally. 


FTD/SNAP 


‘Phobos’ Probe Mars Orbit 
per Saas Moscow TASS in English 1820 GMT 
23 Jan 


[Text] Moscow January 23 TASS—The deep space probe 
“Phobos”, launched towards Mars on July 12 last year, is 
continuing its flight. 


The probe's flight path was adjusted today. To carry out 
ballistic calculations needed for that purpose, research- 
ers used the results of measurements conducted by 
Soviet ground control stations across national territory 
and radi situated in Goldstone, United 
States, Madrid, Spain and Canberra, Australia. 


Measurements conducted after the manoeuvring showed 
that the “Phobos” probe is continuing movement along 
the path close to the calculated one. 


As of today, the space probe is 177 million kilometres 
from Earth. On January 29, the “Phobos” will be trans- 
ferred to the orbit around Mars. 


186 radio communications sessions have been con- 
ducted with the spacecraft, aimed at investigating the 
sun and interplanetary environment, registering bursts 
of gamma radiation, measuring parameters of the flight 
path and monitoring the operation of on-board systems. 


The on-board systems and scientific instruments are 
functioning normally. 
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To Enter Orbit 29 Jan 
ora. 189 Moscow TASS in English 1747 GMT 
an 


[Text Moscow January 25 TASS—The space probe 

* has covered nearly half a billion kilometres in 
two hundred days and is approaching Mars. On January 
29, when it is a mere 800,000 km from the red planet, the 
on a ee 


nd 
distance above its surface of 800 km and the maximum 


adjustments may change the 
travel as a mere eight minutes will be left for all opera- 
tions after the completion of the braking process. The 
probe will then enter a “shadow” zone and communica- 
tions with it will be temporarily interrupted. 


‘Phobos’ Reaches Martian Orbit 29 January 


Background to Project Reviewed 
9 nama Moscow TASS in English 1303 GMT 
Jan 


[Text] Moscow January 29 TASS—By TASS correspon- 
dent Rena Kuznetsova: 


The Soviet space probe P!obos is to be boosted to a 
Martian orbit at '5:55 mi: utes on Sunday. 


The maneuver bringing it to the flight path around the 
red planet will be executed by firing the craft's engine. 


Phobos lifted off on July 12, 1988, to investigate Mars 
and its moon Phobos as well as the sun and interplane- 
tary space. 


A total of 186 communications sessions have been held 
with the vehicle en route to the red planet. 


Apart from the Soviet Union, the research project 
involes more than ten other cougtrics as well as the 
European Space Agency. 


There are more hypotheses—fantastic, daring and speil- 
binding—connected with Mars than with any other planet 
in the solar system. The fascinating propsect of finding life 
there has long excited mankind's imagination. 











In this way or another, all this is also connected with the 
search for signs of life. Besides, the findings will give 
— mineral makeup of Martian soil 
as well. 


Orbit Parameters Given 
LD2901225389 Moscow TASS in English 2238 GMT 
29 Jan 89 


[Text] Moscow January 30 TASS—The flight control 
centre reports: 


The automatic in station Phobos which cov- 
ered over 470 million km in 200 flight days, has been 
changed over to the orbit of Mars’ artificial satellite. 


The station had its trajectory corrected on January 23 for 
it to approach Mars, and then it changed over to a 
trajectory 800 km from the surface of the planet. In 
accordance with the flight programme, the station's 
braking rockets fired at 3:55 pm on January 29. The 
reverse-thrust operation was done by the board control 
system which uses a previously elaborated programme 
and data of operational ballistic calculations. The 
manoeuvre put the station in an elliptical orbit, close to 
the calculated one, with the following parameters: 


—the maximum distance from the surface of Mars (in 
apogee)—79,750 km, 

—the minimum distance from the surface of Mars (in 
perigee}—850 km, 

—the orbit’s inclination to the Martian equator—1 


degree, ; 
—the period of revolution around the planet—76.5 
hours. 


Comprehensive exploration of the surface, atmosphere, 
plasma and magnetic envelopes of the planet will be 
carried out from aboard the station in the course of its 
flight in that orbit. Sophisticated navigational measure- 
ments of the relative movement of the Martian natural 
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and artificial satelites will later be made and a number of 
active manocuvers will be carried out to ensure the 
station's gradual approach to Phobos. 


Research Prospects Noted 
LD2901172189 Moscow TASS in English 1654 GMT 
29 Jan 89 


[Text] Moscow January 29 TASS—The inter-planetary 
automatic station Phobos, which was launched from the 
Baykonur cosmodrome on July 12, 1988, became an 
artificial satellite of Mars at 3:55 p.m. today. It covered 
a distance of 470 million kilometres. 


TASS scientific news analyst Aleksandr Romanov, now 
at the Phobos station mission control centre, has had this 
to say: 


“For the first time in mankind's history the planet of 
Mars has acquired one more satellite. The automatic 
station, put in a near-Mars orbit, and then its planned 
landing on the Phobos satellite will bring mankind closer 
to unravelling mysteries of the planet: either Phobos, a 
Martian satellite, is a creation of nature or it was created 
by reasonable creatures once inhabiting Mars”. 


“Great scientist and designer Sergey Korolev was the 
first to dare to reach out to Mars to unravel its mysteries. 
Automatic interplanetary station, created under his 
direction, reached the moon in 1959. In 1961, Korolev- 
designed spaceship put into space mankind's first cos- 
monaut Yuriy Gagarin. In 1962 the Mars-1 station, also 
designed by Korolev, was launched towards the faraway 
planet of Mars. Having flown at a small distance from 
the planet, the Soviet station Mars opened the way to the 
red planet for other Soviet and American automatic 
flight vehicles”. 


“And now the interplanetary automatic station Phobos 
is in flight. Its having been put into orbit around Mars is 
perhaps not the most important part of the whole 
program”, said one of the Mars-Phobos program direc- 
tors, Professor Nikolay Ivanov. “Within a long period of 
time the automatic station will change a number of 
near-Martian orbits in the zone of Phobos. The auto- 
matic station will finally lower down to a height of 50 
kilometres and then hang 50 metres from the surface of 
Mars’ satellite. For 25 minutes the equipment aboard the 
station will be able to carry out radiolocation and tele- 
vision panorama survey of Phobos, to make analysis of 
soil element and isotope composition, determine the 
structure of rock and relief of the satellite, etc”. 


“One will have to wait for over a month for the most 
important concluding stage of the durable autonomous 
laboratory's landing on the Phobos surface”, Professor 
Ivanov said. 


“Chief designer of the Soviet Energiya rocket Boris 
Gubanov believes that apart from purely scientific 
importance the Phobos program, exploring Mars and 
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one of its satellites, is of great ificance since the 
program is laying the way to Mars for man. The carrier 
rocket Energiya which recently stood tests seats elhan ened 


nisation can lift into space a weight much greater than 
100 tons. This gives one ground to believe that it will be 
able to launch a multi-ton manned spaceship towards 
Mars. I think that one should wait not so many years for 
that to come true”, he said. 
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Rotation in Gravitational Field 
Point Masses 


18660235 Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 26 No 3, 
May-Jun 88 (manuscript received 15 Oct 86) pp 358-365 


[Article by K. M. Lebedev] 


[Abstract] Nonlinear resonance phenomena in the solar 
system, including commensurability between the axial 
and orbital motions of the planets, as well as resonance 
in the motion of Venus, are attracting increasing atten- 
tion. As a contribution to such research a study was 
made of evolution of the translational-rotational motion 
of a viscoelastic planet moving in the field of two 
gravitating points. The problem is solved in the follow- 
ing formulation. The motion of a triaxial planet, close in 
configuration to a sphere, is in the field of two gravitat- 
ing points with the masses m, and m, (m, is much 
greater than m,) under the condition that the point m, 
revolves about the point m, in a circular Keplerian orbit 
with the radius b and with a stipulated mean motion. 
The center of inertia of the planet, having the mass m 
and the mean radius rp, moves along a perturbed Keple- 
rian ellipse with a focus at the point m,. The 

motion is assumed to occur in the orbital plane of the 
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Venusian in North Polar Region 
18660009 Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 26, No 4, Jul-Aug 88 
(manuscript received 24 Jun 87) pp 584-590 


[Article by S. S. Matyugov, V. N. Gubenko, O. 1 
Yakovlev, G. D. Yakovieva and I. R. Vaganov] 


[Abstract] This is a continuation of a series of articles on 
research on the Venusian atmosphere (O. A. Yakovlev, 
et al. KOSMICHEKIYE ISSLEDOVANIYA, Vol 25, 
No 2, p 275, 1987; Vol 25, No 2, p 267, 1987; Vol 25, No 
2, p 258, 1987). The article describes the state of the 
atmosphere in the Venusian north polar region in the 
altitude range 40-90 km at latitudes from 63.7 to 78.9° 
with solar zenith angles 76.6-108". The study was made 
for 16 regions in the northern hemisphere for the 
12 October 1983 to 6 September 1984 using data from 
the “Venera-15” and “Venera-16" satellites. These 
results supplemented available data on the north polar 
region and make it possible to determine the temporal 
variability of state of the atmosphere. Comparison of 
data for the northern and southern hemispheres became 
possible. A series of vertical temperature profiles was 
constructed (Figures 1-3 in text, showing the 

of temperature, pressure and density on altitude) and is 


i 


temperature inversion above the . 
sional character of the profiles is stable for about 10 
months. Figures 3; references 7: 4 Russian, 3 Western. 
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Profile Ideal Mars Space Crew 
LDO101101889 Moscow World Service in English 
0900 GMT 1 Jan 89 


to 45 years. 


mission of Vladimir Titov and Musa Manarov aboard 
the Mir station. 


Specialists hope to launch the first ever interplanetary 
expedition in the year 2015. The Soviet Union is for 
making it an international mission. 


Medical and — Support for a Manned 
Expedition to Mars 

18660014 Moscow ZEMLYA I VSELENNAYA in 
Russian No 5, Sep-Oct 88 pp 15-20 


[Article by Doctor of Medical Sciences O. G. Gazenko, 
Doctor of Medical Sciences A. I. Grigoryev, and Ye. A. 


impossible today will become possible tomorrow.” 


health of cosmonauts in the course of such expeditions 
and after their completion are unquestionable—cer- 
tainly inspires optimism about the possibility of yet 
longer stints in space and success in overcoming the 
barriers of weightlessness along the way. 


century, to the most cautious, which means schedules in 
the more distant future. Which is quite understandable. 
Forecasting, after all, is a rather complex matter. One 
thing is for sure—the expedition will be another step into 
the unknown. And each such step must be made on the 
basis of already accumulated knowledge, correct evalua- 
tion of all previous experience, and balanced analysis of 
actual conditions and possibilities. Especially when man, 
his health, and his safety are involved. This very 


to set foot on the Moon. 


Of course, the experience acquired in years past in 
medical and biological support of ar Pyne space flight is 
a good stockpile for future, confident steps eget the 


road in space. Bedegg y herp ptny hey 
done to get really close to solving the problem of 
manned expedition to Mars. 


One of the principal medical and biological problems of 
the martian expedition will, of necessity, be the problem 
of habitability, that is, the full biological value of the 
living environment in the ship and its adequacy for 
meeting the long-term biological needs of man. 


This aspect of habitability has yet to become a subject of 
scientific analysis—not to mention experimental 
research—although we expressed several initial ideas as 
early as the 1970s. The scientific inevitability of such a 
formulation of the problem, when man is separated from 
Earth for a long time, is intuitively understood by 
medical people and biologists and can be logically 
inferred from the fundamental principle of natural sci- 
ence on the harmony of organism and environment. 


Of course, we are speaking here of the innate natural 
environment of the biosphere of the Earth, where, in the 
process of man’s long evolution, his innate long-term 
needs have also formed. That itself is, for space medicine 
and ecology, the standard of man's living environment, 
and the longer he is separated from Earth conditions, the 
closer the actual artificial living environment aboard 

ft and space stations must be to that standard. 
That is the kind of approach needed in the planning of a 
manned flight to Mars. 


Until now, an ecological concept for the living environ- 
ment of the cosmonaut has rarely been used in the field 
of medical support for space flight. That role was occu- 
pied by the concept of life-support systems, with its, as it 
were, “quartermaster” logic: life-support systems should 
do such things as supply man with oxygen, water, and 
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food and remove carbon dioxide. But with the broaden- 
ing prospects of interplanetary space programs, the ques- 
tion is no longer about “supply” or “provision,” but 
about the comprehensive production of a biologically 
genuine living environment for man that approximates 
the terrestrial standard. 


Thus, the transition from flights in near-Earth orbit to 


conditions of man’s long-term existence in an artificial 
environment and of the need to develop a theory of the 
living environment in a broader, ecological scheme. It is 
likely that effecting such new thinking will turn out to be 
one of the most important tasks of space hygiene and 
human ecology. But that is the science of the future. 


With regard to the martian expedition, we must start 
with means that are realistic for the near future, means 
that can provide a natural living environment for man. 
There is only one way to create, away from Earth, a 
functional analog of the natural environment—and that 
is to use natural biologi mechanisms in which, 
through the combined action of plants, animals, and 
microorganisms, the Earth's natural environment comes 
about, biogenic in its origin. 


Such an objective can be reached through the creation of 
closed ecological with man a necessary func- 
tional component of them. A biologically genuine living 
environment for man in these systems will be produced 
through the same biological mechanisms that are in 
nature, regardless of the incompleteness of the existing 
body of knowledge about the mechanisms themselves as 
well as the biogenic components of the natural environ- 
ment. 


We have already created and studied various laboratory 
models of such man-included systems that are based on 
the activity of single-cell algae, higher plants, and micro- 
organisms. Not only is air and water recycled, but part of 
the vegetable food is reproduced. In such models, up to 
80-90 percent of the substances man needs is regener- 
ated. Moreover, the possibility of using certain animals 
to produce some of the animal products is being studied. 


For flights to Mars, it is hardly sensible to propose a 
full-scale biological system that is capable of providing 
for all of man’s needs. On such a long flight, there is no 
need for such a system, and it would hardly be effi- 
cient—it would take up a great deal of room and would 
use a lot of energy. 


However, nor can a physical-chemical regenerating sys- 
tem, for which specific technologies for producing oxy- 
gen and water from the products of human activity are 

be proposed. At this point, it is the most 
efficient in terms of weight, size, and energy features, but 
such a system cannot create a biologically genuine living 
environment for man, which will be very important on 
the rather lengthy expedition to Mars. 


to play a tangible role in producing a biogenic environ- 
ment, photosynthetic processes must be capable of 
regenerating air at a rate of no less than 30-40 percent of 
the nominal. Of course, those are just preliminary ideas, 
subject to experimental confirmation. 


The proposed biological system may consist of single-cell 
a plants, and certain animals, such as poultry 
or fish. 


In addition to its role in regenerating the air in the ship, 
such a system will perform other important functions 
that optimize the ship’s environment: it will purify the 
air of water-soluble volatile substances, stabilize the 
population size and species content of the microflora 
aboard the ship with the antagonistic microflora that 
accompany algae, optimize the space ion composition of 
the air, and hold down the overall amount of dust in the 
air and the number of heavy aerosol particles. 


Including a biological system in the overall complex of 
the life-support system will also help to resolve certain 
questions that arise in connection with the possible 
effects of man staying for lengthy periods in a totally 
artificial, abiogenic living environment. 


From the standpoint of radiation safety, the primary 
feature of man’s flight to Mars lies in the absence of the 
protection that the Earth's geomagnetic field provides. 
Spacecraft in near-Earth orbit receive less of a dose of 
galactic and solar cosmic radiation, and as long as space 
flight continues to be below the Earth's radiation belts, 
the problems that arise will not be too complex. But with 
interplanetary flight, galactic cosmic radiation—which 
consists of nuclei of chemical elements that have relativ- 
istic velocity—acquires a great deal of importance. 
Based on certain experiments, researchers suggest that 
over a two-year stint in space, a cosmonaut can expect to 
lose a comparatively high number of nerve cells in the 
cerebral cortex as a result of exposure to relativistic 
atomic nuclei. At least in a range that is comparable to 
losses in the natural aging process. However, from the 
biological standpoint, the topography of the track, or 
trace, of heavy particles is significant, especially if its 
route is through a cluster nerve cells that form any sort of 
vitally important center in the brain. That means that 
the future development of interplanetary flight depends, 
to a large extent, on solving this problem. 
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desirable that the individuals have under their belt 
experience involving flights of at least six months in 
duration, which enables them to adapt themselves to life 
aboard a spacecraft, with all its attendant features. The 
crew must include a highly skilled physician who is 
well-trained in treatment, surgery, psychotherapy, and 
psychology. 


A manned flight to Mars requires the solution of a 
number of physiological problems associated with long 
stints in weightlessness. Over the years, space medicine 
has gathered no small amount of knowledge on the 
effects that weightlessness has on the human body. More 
than 200 individuals have flown in space already, for 
varying durations. Five Soviet cosmonauts have stood 
space watch for more than 200 days each, and Yuriy 
Romanenko has come very close to spending an uninter- 
rupted year in space. Several cosmonauts have assem- 
bled rather impressive figures in terms of number of 
flights, while Yuriy Romanenko has spent a total of 430 
days in space. Medical research and experiments play a 
big role in current flights, and, consequently, it can be 
said that the foundation for continued advance along the 
road in space is being laid well. 


Today we know a great deal about the responses of the 
body to weightlessness, and, by and large, we understand 
the mechanisms of their appearance. It has been estab- 
lished, specifically, that man is capable of adapting 
satisfactorily to long-term exposure to weightlessness 
and, upon completion of a long flight, to Earth’s gravity. 
We can rather clearly and completely picture the general 
course of the process of adaptation to weightlessness, 
specific phases of the process, and the state of the various 
physiological systems that are involved at the various 
stages of adaptation. 


The system created by Soviet specialists to prevent 
adverse effects of weightlessness on the body enables 
cosmonauts to withstand weightlessness quite success- 
fully, even on prolonged flights, and to be prepared to 
meet Earth’s gravity. Of course, the potential exists for 
improving this system of prevention, and work is being 
done in that area. 


Let us briefly list the changes in the body on which we 
must focus our undivided attention when it comes to a 
future manned flight to Mars. First of all, there are 
changes in the locomotor system. As of yet, even on the 
longest flights, we have, fortunately, observed no sub- 
stantial changes in the locomotor system, thanks to 
preventive equipment. Moreover, with an efficient 
approach to the use of the preventive complex, such 

have been less pronounced in some cosmonauts 
after long flights than after short flights. A lengthy stay in 
weightlessness causes specific changes in the body's 
metabolic processes. In particular, decalcification 
occurs—that is, a loss of calcium—primarily in the 
skeleton. Although we have managed to deal successfully 
with such changes via corrective means, we must not 
forget that they involve flights of considerably shorter 








duration than the flight to Mars will be. Changes in 
immune response have also been observed on long 
flights, which could raise the chance of illness if no 
effective measures are taken. Far from everything is clear 
about the blood system's responses to long-term weight- 
lessness. 


Now a few words on artificial gravity as a preventive 
measure. At one of the meetings of the Moscow Interna- 
tional Forum, which was devoted to the 30th anniver- 
sary of the space age, cosmonauts and astronauts spoke 
out in favor of a flight to Mars in weightlessness, without 
a centrifuge. The medical people, however, favor the 
creation of artificial gravity aboard the spacecraft. Sci- 
ence must gather the necessary material to provide a 
balanced answer. For the time being, there are no con- 
vincing materials in favor of either solution. 





The centrifuge for creating artificial gravity aboard the 
Cosmos-936 biosatellite (1979). A postflight study of a 
group of rats indicated that artificial gravity prevented, 
to a large extent, adverse changes in the animals’ bodies 
induced by weightlessness. 
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